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1INTRODUCTION
The p r e s e n t  day h y b r id  se ed  c o rn  in d u s t r y  i s  b a sed  upon 
th e  developm ent and u t i l i z a t i o n  o f  in b re d  l i n e s  in  h y b r id  
c o m b in a tio n . C u rre n t b re e d in g  p ro c e d u re s  a re  l a r g e ly  p r e d ic a te d  
on th e  assu m p tio n  t h a t  th e  a c t io n s  o f com plem entary , dom inant 
o r  p a r t i a l l y  dom inant f a v o ra b le  genes a re  r e s p o n s ib le  f o r  th e  
h e t e r o s i s  o b se rv ed  in  th e  h y b r id s  p ro d u ce d . I f  h e t e r o s i s  w ere 
due in  c o n s id e ra b le  p a r t  to  n o n a l l e l i c  i n t e r a c t io n s  o r  to  o v e r ­
dom inance, th e  p r e s e n t  b re e d in g  p ro c e d u re s  m igh t be e x p e c te d  to  
y i e l d  s u p e r io r  h y b r id s  b u t  would n o t  be h ig h ly  e f f i c i e n t .
S in ce  th e  p ro p o sa l  o f  com plem entary  g row th  f a c t o r s  a s  a 
g e n e t ic  e x p la n a t io n  o f  h e t e r o s i s  and th e  a l t e r n a t i v e  p ro p o sa l  
o f  p h y s io lo g ic a l  s t im u la t io n  due to  h e te r o z y g o s i ty  p e r  s e ,  a 
c o n s id e r a b le  body o f  in fo rm a tio n  b e a r in g  on th e  p rob lem  h as  been  
a c cu m u la te d . The r e s u l t s  o b ta in e d  and th e  i n t e r p r e t a t i o n  o f 
th e s e  r e s u l t s  do n o t  p e rm it c o m p le te ly  s a t i s f a c t o r y  c o n c lu s io n s  
a s  to  th e  r e l a t i v e  im p o rtan ce  o f  th e  v a r io u s  ty p e s  o f  gene a c t io n  
b e l ie v e d  to  be p r e s e n t .  The p r e s e n t  r e s e a rc h  p rob lem  i s  an 
a tte m p t to  g a in  f u r t h e r  e v id e n c e  on t h i s  p o in t  by means o f a 
c r i t i c a l  e v a lu a t io n  o f  th e  r e l a t i o n s h i p  betw een th e  in b re e d in g  
d e p re s s io n  o f a s e t  o f  d i a l l e l  c ro s s e s  and th e  com bining a b i l i t y  
l e v e l  o f  th e  in b re d  c o rn  l i n e s  u se d  a s  p a r e n t s .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
2LITERATURE REVIEW
The f i r s t  a tte m p t to  deduce th e  r o l e  o f  g en es  in  th e  
phenomena w hich we now term  h e t e r o s i s  was made by S h u ll in  1908 
(43) on th e  b a s i s  o f  th e  p h e n o ty p ic  d e p re s s io n  due to  in b re e d ­
in g  w hich he o b se rv e d  w h ile  s tu d y in g  th e  i n h e r i ta n c e  o f k e rn e l  
row number o f  c o rn .  He p ro p o sed  th e  word " h e t e r o s i s "  to  r e ­
p la c e  th e  te rm in o lo g y  th e n  in  vogue to  d e s c r ib e  th e  r e s u l t s  o f 
c r o s s e s .  The e a r ly  work o f S h u ll  and t h a t  o f  E a s t  (10) le d  to  
th e  c o n c e p t ,  l a t t e r  p re s e n te d  by  S h u ll  (42) and by E a s t  and 
Hayes ( 9 ) ,  t h a t  h e t e r o s i s  i s  th e  r e s u l t  o f  p h y s io lo g ic a l  s t im ­
u l a t i o n  due t o  h e te r o z y g o s i ty  p e r  se  and to  th e  c o n c lu s io n  t h a t  
th e  d e g re e  o f  v ig o r  i s  d i r e c t l y  r e l a t e d  to  th e  e x te n t  o f 
h e te r o z y g o s i ty .
The dom inan t f a c t o r  h y p o th e s is  was p ro p o sed  by Bruce (5) 
and d e m o n s tra te d  by K eeble and P e lle w  ( 2 9 ) .  T h is  h y p o th e s is  
advanced  an  e x p la n a t io n  o f  h e t e r o s i s  b a se d  on th e  a c cu m u la tio n  
o f  dom inan t o r  p a r t i a l l y  dom inant f a c t o r s  in  a h y b r id  p o p u la ­
t i o n  in  e x c e s s  o f th e  number in  e i t h e r  p a re n t  p o p u la t io n .  The 
c o n c e p t a s  i t  was p re s e n te d  was s u f f i c i e n t l y  f l e x i b l e  to  
in c lu d e  any number o f  gene p a i r s ,  any ran g e  in  gene f r e q u e n c ie s ,  
and any m ag n itu d e  o f dom inance. C o l l in s  (7 ) m o d if ie d  t h i s  
e x p la n a t io n  to  p la c e  th e  em phasis on th e  s u p p re s s io n  o f 
d e l e t e r i o u s  r e c e s s iv e s  and Jo n es  (2 7 , 28) and A nderson (3) 
in c o r p o r a te d  c e r t a i n  l in k a g e  r e l a t i o n s  i n to  i t .
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3T hese two th e o r i e s  o f  h e t e r o s i s  form  th e  b a s i s  f o r  a l l  
l a t e r  m o d if ic a t io n s  and r e s ta te m e n ts  in  m odern form s as  new 
e v id e n c e  in  su p p o rt  o f  one th e o ry  o r  th e  o th e r  a p p e a re d . 
E x te n s iv e  re v ie w s  o f  th e  l i t e r a t u r e  p e r t a in in g  to  th e s e  
t h e o r i e s  have been  p r e s e n te d  by  Sm ith ( 4 4 ) ,  W haley ( 4 8 ) ,  Hayes 
(1 5 , 1 6 ) ,  R ichey  ( 4 0 ) ,  H enderson  (17) and Sprague ( 4 5 ) .
More r e c e n t l y  th e  word dom inance, a s  u se d  in  r e l a t i o n  to  
q u a n t i t a t i v e  i n h e r i t a n c e ,  h a s  been  c o n s id e re d  to  be  a compound 
phenomenon w ith  b o th  i n t r a -  and i n t e r - a l l e l i c  i n t e r a c t i o n s  
in v o lv e d  (3 6 ) .  T h is  c o n c e p t h a s  been  d e r iv e d  from  th e  i n t e r ­
a c t io n  h y p o th e s is  a s  p ro p o sed  by Rasmusson (39) and th e  term  
" p o te n c e "  h a s  been  p ro p o sed  by  Wigan (49) to  d e s c r ib e  th e s e  
in t e g r a t e d  dom inance e f f e c t s .
A re f in e m e n t o f  te rm in o lo g y  was in tro d u c e d  i n to  th e  l i t ­
e r a t u r e  by Sprague and Tatum (46) when th e y  u se d  " g e n e ra l  com­
b in in g  a b i l i t y "  to  d e s c r ib e  th e  a v e ra g e  v a lu e  o f  gam etes o f  a 
l i n e  in  c o m b in a tio n  w ith  gam etes from  o th e r  l i n e s  and " s p e c i f i c  
com bining  a b i l i t y "  as  th e  d e v ia t io n  from  h y b r id  e x p e c ta t io n  
b a se d  upon th e  g e n e ra l  com bining  a b i l i t y  c h a r a c t e r i s t i c s  o f  any 
two l i n e s .  By d e f i n i t i o n ,  g e n e ra l  com bining a b i l i t y  t h e r e f o r e  
im p l ie s  a d d i t iv e  gene a c t io n  w hereas s p e c i f i c  com bining  a b i l i t y  
a r i s e s  from  dom inance and n o n - a l l e l i c  i n t e r a c t i o n  r e l a t i o n s h i p s .
In b re e d in g  s tu d i e s  w ith  c o rn  have c o n t r ib u te d  a  c o n s id e r ­
a b le  amount o f  d a ta  b e a r in g  on th e  problem  o f  gene a c t io n  and 
i n t e r a c t i o n  in  h e t e r o s i s .  E m p ir ic a l  and n o n - c r i t i c a l  e x p e r i ­
m e n ta l e v id e n c e  has  le d  to  th e  g e n e ra l  a c c e p ta n c e  o f  th e
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4p r in c i p l e  o f l i n e a r  r e g r e s s io n  o f v ig o r  on h e te ro z y g o s is  when 
e p i s t a s i s  and s e le c t i o n  a re  assumed to  be a b s e n t .  The h y b r id  
pe rfo rm ance  in  an advanced g e n e ra t io n  was shown to  be
v  = f f . . ( ^ 1  ~ ^
1  N
by W right (50) w here N i s  th e  number o f in b re d  l i n e s  m aking up 
th e  h y b r id  p o p u la t io n ,  i s  th e  a v e ra g e  y i e l d  o f  th e  s in g le  
c ro s s e s  among th e  l in e s  and P i s  th e  mean perfo rm ance  o f  th e s e  
l i n e s .  K ie s se lb a c h  (31) r e p o r te d  d e v ia t io n s  o f -3  and -5 p e r  
c e n t  from  t h i s  t h e o r e t i c a l  e x p e c ta t io n  f o r  th e  a v e ra g e  y i e ld s  
o f  2 1  s in g l e  c r o s s  F2  and F3  g e n e r a t io n s ,  r e s p e c t i v e ly .
D e v ia tio n s  o f l e s s  th an  4 p e r  c e n t  from  th e  t h e o r e t i c a l  w ere 
o b ta in e d  by N eal (37) who com pared th e  p a r e n ta l  l i n e s ,  F^ and 
F2  g e n e ra t io n s  o f  10 s i n g l e ,  4 th re e -w a y  and 10 d o u b le  c ro s s e s  
and th e  F^ g e n e ra t io n  o f  8  s in g le  and 4 th re e -w a y  c r o s s e s .
Powers (38) a p p lie d  b o th  a r i th m e t ic  and g eo m e tric  gene 
m odels ( 6 ) to  N e a l 's  d a ta  and s u p p o rte d  th e  o r ig i n a l  c o n c lu s io n  
th a t  th e  a d d i t iv e  c u m u la tiv e  m odel b e s t  f i t t e d  th e  r e s u l t s .
A d d i t iv i ty  o f  l o c i  e f f e c t s  was i n d ic a te d  when W r ig h t 's  
a d d i t iv e  m odel fo rm u la  was a p p lie d  to  th e  o r ig i n a l  and 
lo g a r i th m ic  tra n s fo rm e d  d a ta  o f 45 s in g l e  c ro s s e s  in  th e  F£ 
g e n e ra t io n  by Kinman and Sprague (3 2 ) .
L in d s tro m  (33) found t h a t  th e  th r e e  y e a r  a v e rag e  y i e ld s  o f  
th e  F2  and f i r s t  b a c k c ro s s  g e n e ra t io n s  d e v ia te d  - 2 .3  and 3 .6  
p e r  c e n t  r e s p e c t i v e ly  from  th e  t h e o r e t i c a l  a d d i t iv e  m odel a p p lie d  
to  th e  F^ s in g l e  c ro s s e s  o f  th r e e  s e le c te d  in b re d  l i n e s  o f c o m .
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5H u ll (1 9 ) . who b e l ie v e d  t h a t  th e  F2  y i e ld  sh o u ld  be in  e x c e ss  o f 
th e  a v e ra g e  b a c k c ro ss  y i e l d  i f  com plim en tary  gene i n t e r a c t io n s  
w ere th e  c a s e ,  su g g e s te d  t h a t  i n t e r a c t io n s  w hich would te n d  to  
d e p re s s  th e  F2  and av e ra g e  f i r s t  b a c k c ro ss  pe rfo rm ance  c o u ld  be 
c o u n te rb a la n c e d  by d i a m e t r ic a l ly  opposed i n t e r a c t io n s  such t h a t  
th e  d a ta  a p p eared  to  f i t  th e  a d d i t iv e  m odel.
The 0 , 5 0 , 75 and 100 p e r  c e n t  l e v e l s  o f h e te r o z y g o s i ty  were 
u se d  by S t r i n g f i e l d  (47) in  an a tte m p t to  o b ta in  a c r i t i c a l  
e v a lu a t io n  o f  th e  r e l a t i o n s h i p  betw een h e te ro z y g o s is  and v ig o r  in  
c o rn .  A d is c re p a n c y  betw een  th e  F2  and f i r s t  b a c k c ro ss  y i e ld  
l e v e l s  in  fa v o r  o f th e  b a c k c ro ss  was found  to  be s i g n i f i c a n t .
Two p o s s ib le  e x p la n a t io n s  w ere ad v an ced . E i th e r  (1) th e  d i s t r i b u ­
t io n  o f  f a v o ra b le  l o c i  among th e  p l a n t s  was such t h a t ,  i f  a d im in is h ­
in g  r e tu r n s  e f f e c t  f o r  th e  a d d i t i v i t y  o f  f a v o r a b le  l o c i  was 
p r e s e n t ,  th e  b a c k c ro s s  g e n e ra t io n  was fa v o re d  o r  ( 2 ) th e  s e le c te d  
in b re d  l i n e s  ten d ed  to  have dom inants in  r e l a t i v e l y  f a v o ra b le  
c o m b in a tio n s  and t h a t  th e s e  c o m b in a tio n s  w ere c a r r i e d  over i n t a c t  
from  one p a re n t  in  th e  b a c k c ro ss  w hereas th e  F2  g e n e ra t io n  
r e c e iv e d  a random a s so r tm e n t o f such  d o m in an ts . S t r i n g f i e l d  co n ­
c lu d e d  t h a t  h i s  d a ta  su p p o rte d  th e  a d d i t iv e  h y p o th e s is  b u t  t h a t  th e  
a d d i t iv e  e f f e c t  d im in ish e d  a t  th e  h ig h e r  l e v e l s  o f  h e te r o z y g o s i ty .
A nderson and Kempthorne (4) d ev e lo p ed  a f a c t o r i a l  gene model 
b a sed  on com parisons o f  a l l  p o s s ib le  g e n o ty p e s  in  w hich h e t e r ­
o z y g o te s  w ere g iv e n  tw ic e  th e  w e ig h t o f hom ozygotes and a p p lie d  
th e  p a ra m e te rs  e s t im a te d  to  S t r i n g f i e l d ' s  d a ta .  I t  was found t h a t
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6f o r  th e  c h a r a c t e r i s t i c s  o b se rv e d , th e  e p i s t a t i c  com ponents were 
an im p o r ta n t  p a r t  o f  th e  o b se rv ed  mean g e n o ty p ic  v a lu e s .
S en tz  e t  a l .  (41) s tu d ie d  th r e e  s in g l e  c ro s s  h y b r id s ,  t h e i r  
p a r e n t  l i n e s ,  th e  F£ and th e  f i r s t ,  second  and doub le  b a c k c ro ss  
g e n e ra t io n s  a t  f o u r  lo c a t io n s  o v e r fo u r  y e a r s .  N o n - lin e a r  r e ­
l a t io n s h i p s  c h a r a c te r iz e d  by a  p la te a u  e f f e c t  in  th e  a r e a  from  
25 to  75 p e r  c e n t  h e te ro z y g o s is  w ere o b s e rv e d . A d im in is h in g  
e f f e c t  f o r  a d d i t io n a l  l o c i  a s  th e  number o f  l o c i  in c re a s e d  was 
su g g e s te d  in  e x p la n a t io n  o f th e  in h e r i ta n c e  o f  y i e l d ,  m a tu r i ty ,  
e a r  l e n g th ,  p l a n t  and e a r  h e ig h t ,  and f l a g  l e a f  num ber.
M ethods o f  a n a ly z in g  d i a l l e l  sy stem s by means o f  c o v a r ia n c e s  
betw een  r e l a t i v e s  have r e c e n t l y  been  r e c e iv in g  c o n s id e ra b le  con­
s i d e r a t i o n .  H u ll (2 0 , 21 , 2 2 , 23) h as  d ev e lo p ed  a  te c h n iq u e  o f 
exam in ing  m o d if ie d  ( 1 2 ) d i a l l e l  c ro s s in g  system s w hich i s  b ased  
on th e  f a c t  t h a t  p a r t i a l  r e g r e s s io n  w ith in  a s e r i e s  o f  h y b r id s  i s  
l a r g e l y  d e p e n d en t upon th e  c o n s ta n t  p a r e n t .  The p a r t i a l  r e ­
g r e s s io n s  may in  tu r n  be u t i l i z e d  to  make o th e r  e s t im a te s  h av in g  
g e n e t i c  s i g n i f i c a n c e .  When H u ll (23) a p p l ie d  t h i s  m ethod o f 
a n a ly s i s  to  tw e n ty - f iv e  c o rn  y i e l d  t r i a l s  he o b ta in e d  e v id e n c e  in  
s e v e n te e n  o f  th e  e x p e rim e n ts  w hich he i n t e r p r e t e d  as s u p p o r tin g  
th e  c o n te n t io n  t h a t  f u r t h e r  im provem ent o f  y i e ld  o f  h y b r id  c o rn  
w i l l  be due to  f u tu r e  s e l e c t i o n  f o r  s p e c i f i c  r a t h e r  th a n  g e n e ra l  
com bining  a b i l i t y .
G r i f f in g  (11 ) has  p re s e n te d  an o u t l i n e  o f  th e  g e n e t ic  b a s i s  
o f  th e  c o n s ta n t  p a re n t  r e g r e s s io n  m ethod c o n s id e r in g  two gene 
p a i r  m odels in v o lv in g  ( 1 ) a d d i t iv e  gene a c t io n  w ith  dom inance and
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7no e p i s t a s i s ,  and ( 2 ) gene i n t e r a c t i o n  in v o lv in g  b o th  dom inance and 
e p i s t a s i s .
A m ore g e n e ra l  ap p ro ach  to  th e  p roblem  o f  th e  a n a ly s i s  o f th e  
g e n e t i c a l  p r o p e r t i e s  o f  a g roup  o f l i n e s  fo rm in g  a d i a l l e l  h a s  been  
d e v e lo p e d . T h is  m ethod has been  d e s c r ib e d  in  d e t a i l  by J in k s  (24) 
and Hayman (14) and h a s  been  e x te n d e d  to  th e  F£ and b a c k c ro s s  
g e n e ra t io n s  by J in k s  (26) and to  h e te ro z y g o u s  p a r e n ts  by D ic k in so n  
and J in k s  ( 8 ) .  By assum ing a r a t h e r  s im p le  u n d e r ly in g  g e n e t i c a l  
sy s te m , th e s e  a u th o r s  have shown t h a t  v a r io u s  s t a t i s t i c s  o b ta in e d  
from  m easurem ents on th e  p rogeny  p ro v id e  e s t im a te s  o f  th e  o v e r a l l  
d e g re e  o f  dom inance, o f  th e  r e l a t i v e  dom inance p r o p e r t i e s  o f  th e  
p a r e n t s ,  and o f  th e  symmetry o r  la c k  o f  synm etry  o f  th e  gene 
d i s t r i b u t i o n s  in  th e  l i n e s .  The dom inance r e l a t i o n s  a re  
e lu c id a t e d  g r a p h ic a l ly  as  w e ll  a s  a l g e b r a i c a l l y .
By a n a ly s i s  o f  th e  c o n tin u o u s  v a r i a t i o n  o f p l a n t  h e ig h t  and 
f lo w e r in g  tim e  o f  an 8  x 8  s e t  o f  d i a l l e l  c r o s s e s  o f  N ic o tia n a  
r u s t i c a  v a r i e t i e s ,  J in k s  (24) found s u p p o r t  o f  th e  v iew  t h a t  
g e n ic  i n t e r a c t i o n  i s  r e s p o n s ib le  f o r  a  l a r g e  p ro p o r t io n  o f  th e  
o b se rv e d  h e t e r o s i s  in  th e  p rogeny  o f c r o s s e s  betw een  in b re d  l i n e s .  
He n o te d  t h a t ,  in  th e  d a ta  a n a ly z e d , th e  m ost o u ts ta n d in g  f a m i l i e s  
o c c u rre d  w here g e n ic  i n t e r a c t i o n  was su p erim p o sed  on o th e r  c a u se s  
o f  h e t e r o s i s  to  g iv e  w hat h a s  been  term ed  h ig h  com bining  a b i l i t y .  
T hese  r e s u l t s  w ere l a t e r  su p p o rte d  by th e  F2  and b a c k c ro s s  
g e n e ra t io n s  o f th e  same s e t  o f  d i a l l e l  c r o s s e s  ( 2 6 ) .
J in k s  (25) h as  sum m arized h i s  i n v e s t i g a t io n s  o f  d i a l l e l  
sy stem s o f  f l a x ,  egg p l a n t ,  G a le o p s is  s p p . ,  N ic o t ia n a  r u s t i c a
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8and th e  co rn  y i e ld  d a ta  p re v io u s ly  c o n s id e re d  by H u ll (23) a s  
f o l lo w s :
" (1 )  W herever we f in d  overdom inance we a l  i  f in d  
n o n - a l l e l i c  i n t e r a c t i o n .
(2 ) R e -a n a ly s is  o f  th e  d a ta  a f t e r  o m it t in g  a l l  c ro s s e s  
showing s i g n i f i c a n t  n o n - a l l e l i c  i n t e r a c t i o n  le a d s  in  
a l l  c a s e s  to  a d rop  in  th e  a p p a re n t d e g re e  o f  o v e r -  
dom inance and in  one c a se  to  th e  co m ple te  d isa p p e a ra n c e  
o f  th e  s p u r io u s  overdom inance .
(3 ) S p e c if ic  com bining a b i l i t y  i s  a lw ays a s s o c ia te d  
w ith  th e  p re se n c e  o f  n o n - a l l e l i c  i n t e r a c t i o n  w h ile  
g e n e ra l  com bining a b i l i t y  i s  th e  outcom e o f  u n c o m p lic a ted  
dom inance."
A lla rd  (1 , 2) u se d  th e  l a s t  m en tioned  m ethod o f  a n a ly s i s  to  
s tu d y  th e  i n h e r i ta n c e  o f  seed  s i z e  in  lim a  bean  c r o s s e s .  He 
d isc o v e re d  t h a t  th e  m ajo r p o r t io n  o f th e  g e n e t ic  v a r i a t i o n  depended 
on o n ly  a  few genes and t h a t  th e  o b se rv ed  h e t e r o s i s  was b ased  on 
a ty p e  o f  i n t e r a l i e l i c  i n t e r a c t i o n  com parab le  to  th e  com plem entary  
gene a c t io n  o f  c l a s s i c a l  g e n e t i c s .  The F£ and s e g re g a t io n s  
o b se rv ed  were found to  be in  agreem ent w ith  p r e d ic t io n s  p o s tu la te d  
on th e  b a s i s  o f  th e  a n a ly s i s  o f  th e  f i r s t  h y b r id  g e n e r a t io n .
B ecause th e  p a re n ts  w hich w ere u sed  w ere c lo s e ly  r e l a t e d  and b e ­
ca u se  th e  g e n o ty p ic  and p h e n o ty p ic  v a lu e s  f o r  seed  s iz e  in  lim a  
b ean s  a r e  c lo s e ly  c o r r e la t e d  and c o n s ta n t  from  se aso n  to  s e a s o n , 
A l la r d  d id  n o t c o n s id e r  h i s  d a ta  as p re c lu d in g  f a i l u r e  o f  th e  
m ethod o f a n a ly s i s  f o r  c h a r a c te r s  o f  low er h e r i t a b i l i t y .
The r e - a n a ly s i s  o f  d i a l l e l  d a ta  a f t e r  o m it t in g  c e r t a i n  
c r o s s e s ,  a  f e a tu r e  o f  J in k s  and Hayman's m ethod , h as  been r e ­
g a rd e d  w ith  s u s p ic io n  by Kempthorne (30) who b e l ie v e d  t h a t  th e  
r e s u l t s  c o u ld  n o t  th e n  be v a l i d ly  i n t e r p r e t e d  and r e l a t e d  to  th e  
p o p u la t io n  from  w hich th e  d i a l l e l  was d e r iv e d .
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b e l i e f  t h a t  th e  e x p e r im e n ta l  s e t  o f l i n e s  m ust be a  sam ple from  a 
p o p u la t io n  o f  in b re d  l i n e s  w hich w ere d e r iv e d  from  th e  p a re n t  popu­
l a t i o n  by th e  im p o s i t io n  o f an in b re e d in g  scheme f r e e  from  any 
f o r c e  w hich m ig h t change th e  o r i g i n a l  gene f r e q u e n c ie s .
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MATERIALS AND METHODS 
D e s c r ip t io n  o f  E x p e r im e n ta l M a te r ia ls
The l o c a l l y  a d a p te d  S h o u p 's  s t r a i n  o f  th e  y e llo w  d e n t open- 
p o l l i n a t e d  v a r i e t y ,  K rug, was u sed  a s  th e  so u rc e  m a t e r i a l  f o r  th e  
e ig h t  in b re d  l i n e  p a r e n ts  in  th e  s tu d y . T h i r ty  s ix  S^ l i n e s  
s e le c te d  by  L o n n q u is t (34) from  a g roup  o f  200 on th e  b a s i s  o f 
r e s i s t a n c e  to  lo d g in g  w ere e v a lu a te d  f o r  g e n e ra l  com bining a b i l i t y  
f o r  y i e l d  by means o f  to p c r o s s e s  w ith  th e  p a r e n t a l  v a r i e t y .  Four 
l i n e s ,  d e s ig n a te d  as  6 , 17 , 19 and 27 , whose to p c ro s s  y i e ld s  w ere 
one o r  more s ta n d a rd  d e v ia t io n  u n i t s  above th e  mean y i e l d  o f  a l l  
th e  to p c r o s s e s  and f o u r  l i n e s ,  d e s ig n a te d  a s  1 , 14 , 20 and 22 , 
whose to p c ro s s  y i e l d s  w ere one o r  more s ta n d a rd  d e v ia t io n  u n i t s  
below  th e  mean y i e l d  o f  a l l  th e  to p c r o s s e s  w ere ch o sen  f o r  f u r t h e r  
s tu d y .  A-lthough c e r t a i n  o f  th e  o th e r  l i n e s  p roduced  to p c ro s s  y i e ld s  
in  th e  ra n g e s  m en tio n ed  ab o v e , th e y  w ere n o t  chosen  f o r  f u r t h e r  
s tu d y  b e c au se  o f  i n s u f f i c i e n t  q u a n t i t i e s  o f  s e l f e d  s e e d .
S e le c t io n  f o r  d iv e r g e n t  y ie ld in g  a b i l i t y  in  t e s t c r o s s e s  w ith  
Wf9 x M14 was p r a c t i c e d  a f t e r  each  g e n e ra t io n  o f s e l f i n g  f o r  f iv e  
g e n e ra t io n s  p r i o r  to  m aking a l l  p o s s ib le  c r o s s e s  among th e  e ig h t  
l i n e s .  T hus, s i x  h ig h  x h ig h , s ix te e n  h ig h  x low and s ix  low x 
low h y b r id s  r e p r e s e n t in g  a l l  o f  th e  p o s s ib le  s in g le  c ro s s  h y b r id s  
w hich c o u ld  be made w ith  th e  two g ro u p s o f l i n e s  w ere in c lu d e d  in  
th e  s tu d y .  T hese th r e e  g ro u p s  o f h y b r id s  a r e  h e r e a f t e r  r e f e r r e d  
to  as  th e  (H x H ), (H x L) and (L x L) g ro u p s . The h y b r id s
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o f th e  d i a l l e l  s e r i e s  w ere s e l f - p o l l i n a t e d  by hand in  o rd e r  to  
o b ta in  th e  F2  g e n e ra t io n  and th e  p ro c e s s  was r e p e a te d  u n t i l  F5  
se ed  had  been  o b ta in e d . In  th e  s e g re g a t in g  g e n e r a t io n s ,  th e  
number o f  k e r n e ls  tak en  from  each  a v a i l a b l e  s e l f e d  e a r  w ith in  
each  c r o s s  was d e te rm in e d  by th e  number o f  e a r s  and th e  seed  
r e q u ire m e n ts  f o r  th e  co m p o site  advancem ent and t e s t i n g  o f  th e  
p r o g e n ie s .  U n f o r tu n a te ly ,  se e d  o f  one o f th e  (H x L) c r o s s e s  was 
n o t  o b ta in e d  a t  th e  F3  g e n e r a t io n .
F ie ld  D esign  and M ethods o f  R ecord ing  D a ta
The p a r e n t a l  S5  l i n e s  to g e th e r  w ith  t h e i r  r e s p e c t iv e  d i a l l e l  
c r o s s e s  in c lu d in g  th e  F^ th ro u g h  th e  F5  g e n e ra t io n s  w ere grown 
in  a random ized  in c o m p le te  b lo c k  e x p e rim e n t w ith  th e  d e g re e  o f  
h e te r o z y g o s i ty  u sed  as  th e  c r i t e r i o n  f o r  th e  d e te rm in a tio n  o f 
th e  s u b -b lo c k s .  B u ffe r  rows c o n s i s t in g  o f  m a te r i a l  o f  th e  same 
d e g re e  o f  h e te r o z y g o s i ty  as  th e  a d ja c e n t  s u b -b lo c k s  w ere s i t u a t e d  
betw een  th e  s u b -b lo c k s .  The p l o t s  w ere 2 x 8  h i l l s  in  s i z e  w ith  a 
4 0 - in c h  sp a c in g  betw een h i l l s .  The p a r e n t a l  l i n e  p l o t s  w ere 
d u p l ic a te d  w i th in  th e  p a r e n t a l  s u b -b lo c k s .  The o r i g i n a l  p la n t in g  
was a t  a r a t e  o f  fo u r  o r  more se e d s  p e r  h i l l  and th e  r e s u l t i n g  
s e e d l in g s  in  each  h i l l  w ere th in n e d  a t  random to  o b ta in  a  u n ifo rm  
s ta n d  o f  th r e e  p l a n t s  p e r  h i l l .  Four r e p l i c a t i o n s  in  each  o f  th e  
two y e a r s ,  1956 and 1957, w ere grown u n d e r i r r i g a t i o n  a t  L in c o ln ,  
N e b ra sk a .
I n d iv id u a l  p l a n t  d a ta  w ere o b ta in e d  f o r  p l a n t  and e a r  h e ig h t  
from  te n  p l a n t s  in  each  p l o t .  Only th o s e  p l a n t s  w hich w ere s u r ­
rounded  by h i l l s  w ith  p e r f e c t  s ta n d s  w ere s e le c te d  to  be m easu red
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
12
w here t h i s  was p o s s ib l e .  The p la n t  and e a r  h e ig h t  d a ta  were 
c o l l e c t e d  a f t e r  th e  p la n t s  had rea c h e d  f u l l  s t a t u r e  and w ere r e ­
co rd ed  as  th e  d i s ta n c e  from  th e  s o i l  s u r f a c e  to  th e  t i p  o f th e  
t a s s e l  and to  th e  upperm ost e a r - b e a r in g  n o d e , r e s p e c t i v e ly .  
M easurem ents w ere made to  th e  n e a r e s t  in c h .
The t o t a l  y i e ld  o f  e a r  c o rn  f o r  each  p l o t  was re c o rd e d  in  
pounds p e r  p l o t  to  th e  n e a r e s t  o n e - te n th  pound. The p e r  c e n t  
m o is tu re  o f  a s h e l l e d  g r a in  sam ple from  e a ch  p lo t  was o b ta in e d  by 
th e  u se  o f  a T a g -H e p p e n s ta ll  m o is tu re  t e s t e r .  The p lo t  w e ig h ts  
w ere c o n v e rte d  to  b u s h e ls  o f s h e l l e d  g r a in  p e r  a c re  a t  15 .5  p e r  
c e n t  m o is tu re .
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METHODS OF ANALYSIS 
A n a ly s is  o f  v a r ia n c e  m ethod
T hree form s o f  a n a ly s i s  o f  v a r ia n c e  w ere c a lc u la te d  f o r  each  
c h a r a c te r  in  each  o f th e  two y e a r s .  The f i r s t  fo rm , a n a ly s i s  o f 
v a r ia n c e  I ,  was used  to  d e te rm in e  th e  s ig n i f ic a n c e  o f  l i n e a r  r e ­
g r e s s io n  on th e  g e n e ra t io n s  o f  in b re e d in g  and th e  s ig n i f ic a n c e  o f 
th e  d e v ia t io n s  from  t h i s  l i n e a r  r e g r e s s io n  w ith o u t s e p a r a t in g  th e  
l e v e l s  o f  com bining a b i l i t y .  T h is  form  o f  a n a ly s i s  a l s o  p e rm it te d  
an ex am in a tio n  o f  th e  l i n e a r  and n o n - l in e a r  com ponents a s  th e y  
i n t e r a c t e d  w ith  l e v e l s  o f com bining a b i l i t y  a s  w e ll  a s  w ith  th e  
h y b r id s  w i th in  each  l e v e l  o f  com bining a b i l i t y .  A n a ly s is  o f 
v a r ia n c e  I I  a llo w ed  th e  com parison  o f  th e  l i n e a r  and n o n - l in e a r  
s o u rc e s  o f  v a r i a t i o n  w i th in  each  o f  th e  l e v e l s .  The v a r i a b i l i t y  
betw een th e  h y b r id s  w i th in  each  o f th e  l e v e l s  a t  each  g e n e ra t io n  
o f  s e l f i n g  was exam ined by means o f  a n a ly s i s  o f  v a r ia n c e  I I I .
C o n s ta n t p a re n t  r e g r e s s io n  m ethod
The c o n s ta n t  p a re n t  r e g r e s s io n  m ethod d eve loped  by H u ll (23) 
was u t i l i z e d  to  s tu d y  th e  means o f  th e  g en o ty p es  in  each  o f  th e  
y e a rs  t h a t  th e  e x p e rim en t was c o n d u c te d . T h is  te c h n iq u e  em ploys 
a  m o d if ie d  d i a l l e l  in  w hich th e  p a re n ts  a r e  n o t in c lu d e d  in  th e  
a r r a y  p ro p e r .
The p a r t i a l  r e g r e s s io n s  (bp) o f  th e  a r r a y  on th e  non­
r e c u r r e n t  p a re n ts  w ere c a lc u la t e d  f o r  each  h y b r id  in  each  g e n e r ­
a t i o n  and y e a r .  The s ig n  and m agn itude  o f  th e  p a r t i a l  r e g r e s s io n
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c o e f f i c i e n t ,  a s  w e ll  a s  th e  t r e n d  o f th e  c o e f f i c i e n t s  r e l a t i v e  
to  th e  p a r e n ta l  v a lu e s ,  a re  i n d ic a t i v e  o f  c e r t a i n  g e n e t ic  r e l a t i o n ­
s h ip s .  The r e g r e s s io n  c o e f f i c i e n t s  may ta k e  e i t h e r  p o s i t i v e  o r  
n e g a t iv e  v a lu e s  w ith  th e  modal c l a s s  n e a r  z e ro  i f  i t  i s  assum ed 
t h a t  th e  l i n e s  ap p ro ach  th e  maximum o f  g e n e ra l  com bining a b i l i t y  
a t t a i n a b l e  and t h a t  overdom inance i s  p r e s e n t .  The v a lu e s  a re  
e x p e c te d  to  be p o s i t i v e  i f  maximum g e n e ra l  com bining a b i l i t y  has 
n o t  been  o b ta in e d  o r  when dom inant f a v o r a b le  f a c t o r s  a re  i n t e r ­
a c t in g  e i t h e r  a d d i t i v e l y  o r g e o m e t r ic a l ly .  A p a r t i a l  r e g r e s s io n  
o f  z e ro  f o r  a p a r t i c u l a r  p a re n t  can o ccu r i f  th e  l i n e  c a r r i e s  a 
m a jo r i ty  o f  th e  a v a i l a b l e  dom inant f a c t o r s .
A second  o rd e r  r e g r e s s io n  (b 2 ) was o b ta in e d  from  th e  p a r t i a l  
r e g r e s s io n s  and th e  c o rre sp o n d in g  l i n e  means in  o rd e r  to  d e t e r ­
m ine th e  t r e n d  o f th e  bp v a lu e s  r e l a t i v e  to  th e  p a re n t  l in e  
v a lu e s .  A s i g n i f i c a n t  n e g a t iv e  second  o rd e r  r e g r e s s io n  i s  con­
s id e r e d  to  be e v id e n c e  f o r  th e  p re se n c e  o f  overdom inance ( 2 3 ) .
A c r i t i c a l  p a r e n t  v a lu e  was o b ta in e d  by th e  fo llo w in g  
fo rm u la :
w h ere , Pc ■ th e  c r i t i c a l  p a re n t  v a lu e ,
bp B th e  mean p a r t i a l  r e g r e s s io n  c o e f f i c i e n t ,
P -  th e  mean o f  th e  p a r e n t s ,  and
b£ s th e  second  o rd e r  r e g r e s s io n  c o e f f i c i e n t .
I f  h e t e r o s i s  i s  l a r g e ly  due to  o verdom inance , A a )  AA, a a ,  th en  
Pc would be e x p e c te d  to  l i e  w i th in  th e  l i m i t s  e s ta b l i s h e d  by th e
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ra n g e  o f th e  p a r e n ta l  p h e n o ty p es  f o r  th e  e x p e rim e n t in  q u e s t io n .
The p re v io u s  s ta te m e n t  i s  b a sed  upon th e  a ssu m p tio n  t h a t  th e  
b e t t e r  l i n e s  a re  homozygous dom inant f o r  a number o f  g enes  in  
common and t h a t  c ro s s e s  betw een  th e s e  s u p e r io r  l i n e s  w i l l  be 
i n f e r i o r  to  c ro s s e s  betw een good and poor l i n e s  w hich have few er 
a l l e l e s  in  common.
Pc w ould be e x p e c te d  to  ta k e  v a lu e s  in  e x c e s s  o f  th e  
g r e a t e s t  l i n e  mean o f an e x p e rim e n t i f  h e t e r o s i s  i s  due to  th e  
a c t io n  o f  dom inant f a v o r a b le  g row th  f a c t o r s .  I f  t h i s  h y p o th e s is  
r e l a t i v e  to  th e  c a u se  o f  h e t e r o s i s  i s  c o r r e c t ,  th e n  Pc w ould 
r e p r e s e n t  th e  g e n e ra l  com bining  a b i l i t y  o f th e  b e s t  l i n e  w hich  co u ld  
be o b ta in e d  by reco m b in in g  th e  g enes  p r e s e n t  in  th e  p a r e n t a l  l i n e s  
in c lu d e d  in  th e  e x p e r im e n t. Pc i s  th u s  an e s t im a te  o f  th e  y ie ld in g  
a b i l i t y  o f  a l i n e  w hich p o s s e s s e s  a l l  o f  th e  f a v o r a b le  y i e ld  
f a c t o r s  in  a  homozygous s t a t e .
G rap h ic  m ethod
The dom inance r e l a t i o n s  o f  th e  l i n e s  in c lu d e d  i n  th e  s tu d y  
w ere e lu c id a te d  by means o f  th e  g ra p h ic  te c h n iq u e  d e v e lo p e d  by 
J in k s  (24 ) and Hayman ( 1 4 ) .  The fo llo w in g  e x p la n a t io n  o f  th e  
m ethod i s  l a r g e ly  ta k e n  from  t h a t  p r e s e n te d  by A lla rd  ( 2 ) .
T h ree  s t a t i s t i c s  a r e  c a lc u la t e d  f o r  each  r e c u r r e n t  p a r e n t  o f 
th e  d i a l l e l .
Vr  = th e  v a r ia n c e  o f th e  a r r a y .
Wr  = th e  c o v a r ia n c e  o f  th e  a r r a y  w ith  th e  n o n - r e c u r r in g  p a r e n t s .
W'r  = th e  c o v a r ia n c e  o f  th e  a r r a y  w ith  th e  means o f  th e  a r r a y s .
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When i t  i s  assum ed t h a t :
1 ) th e  i n h e r i ta n c e  i s  d i p lo id ,
2 ) th e  p a re n ts  a re  homozygous,
3) m a te rn a l  e f f e c t s  a re  a b s e n t ,
4) th e  a l l e l e s  a t  d i f f e r e n t  l o c i  a re  in d e p e n d e n tly  d i s ­
t r i b u t e d  in  th e  p a r e n t s ,
5) th e r e  i s  no i n t e r a c t i o n  betw een a l l e l e s  a t  d i f f e r e n t  l o c i ,  
and
6 ) each  lo c u s  i s  r e p r e s e n te d  by n o t  more th a n  two a l l e l e s ,  
th e n  th e  g e o m e tric  r e p r e s e n ta t io n s  o f (Wr ,Vr ) and (W'r ,Wr ) may be 
i n t e r p r e t e d  in  term s o f  th e  e f f e c t iv e n e s s  and d e g re e  o f dom inance 
o f  th e  genes c a r r i e d  by th e  p a re n ts  o f  th e  d i a l l e l .
I t  i s  r e a d i ly  a p p a re n t t h a t  th e  a r r a y  o f  o f f s p r in g  o f  th e  
m ost dom inant p a re n t  w i l l  be th e  l e a s t  v a r i a b le  a r r a y  and sh o u ld  
have th e  s m a l le s t  v a r ia n c e  and c o v a r ia n c e s .  C o n v e rse ly , th e  
v a r ia n c e  and c o v a r ia n c e s  o f  th e  a r r a y  o f th e  l e a s t  dom inant p a re n t  
w i l l  be th e  m ost v a r i a b l e .
P ro v id in g  t h a t  th e  assu m p tio n s a re  v a l i d ,  th e  p o in ts  on th e  
(Wr ,Vr ) g rap h  a r e  e x p e c te d  to  f a l l  on a l i n e  o f u n i t  s lo p e  in s id e  
a  l im i t in g  p a ra b o la  d e f in e d  by = Vr Vp, w here Vp i s  th e  v a r ia n c e  
o f  th e  p a r e n t s .  The p o s i t i o n  o f th e  r e g r e s s io n  l i n e  s h i f t s  w ith  
changes in  th e  dom inance r e l a t i o n s  b u t  th e  s lo p e  o f  th e  l i n e  i s  
e n t i r e l y  in d ep e n d e n t o f  th e  d e g ree  o f dom inance. W ith com ple te  
dom inance a t  a l l  l o c i ,  th e  l i n e  p a s se s  th ro u g h  th e  o r i g i n .  O ver­
dom inance c a u se s  th e  l i n e  to  move to  th e  r i g h t  and l e s s  than  
com ple te  dom inance c a u se s  i t  to  s h i f t  to  th e  l e f t .  The p o s i t io n  o f
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th e  l i n e  p ro v id e s  a w e ig h ted  e s t im a te  o f th e  mean e f f e c t iv e n e s s  
and d e g ree  o f dom inance o f  th e  genes when th e y  d i f f e r  in  e f ­
f e c t iv e n e s s  and d eg ree  o f dom inance.
The d i s t r i b u t i o n  o f th e  p o in ts  a lo n g  th e  l i n e  p ro v id e s  a 
r a p id  m ethod f o r  th e  d e te rm in a tio n  o f  th e  dom inance s t a t u s  o f  th e  
i n d iv id u a l  p a r e n t s . The to p  dom inant p a r e n t , i_ .e . ,  th e  p a re n t  
b e a r in g  th e  l o c i  b e in g  s tu d ie d  in  a homozygous dom inant co n ­
d i t i o n ,  l i e s  a t  th e  o r ig i n  and th e  bo ttom  r e c e s s iv e  p a r e n t ,  i , . e . , 
th e  p a re n t  b e a r in g  th e  l o c i  b e in g  s tu d ie d  in  a homozygous r e c e s ­
s iv e  c o n d i t io n ,  l i e s  a t  th e  i n t e r s e c t i o n  o f  th e  r e g r e s s io n  l i n e  
and th e  l im i t in g  p a ra b o la  p ro v id e d  t h a t  dom inance i s  f u l l  and 
u n i d i r e c t i o n a l  a t  a l l  l o c i .  I f  th e s e  two g en o ty p es  a re  n o t  i n ­
c lu d e d  i n  th e  e x p e r im e n ta l  m a t e r i a l ,  th e  p o in ts  r e p r e s e n t in g  th e  
m ost dom inant and l e a s t  dom inant p a re n ts  p r e s e n t  a r e  s i t u a t e d  a t  
p o s i t i o n s  w hich r e f l e c t  th e  number and e f f e c t iv e n e s s  o f  th e  
dom inant and r e c e s s iv e  a l l e l e s  o f  th e  ex trem e g e n o ty p e s .
On th e  (W'r ,Wr ) g rap h  th e  p o in ts  a re  e x p e c te d  to  f a l l  on a 
l i n e  o f s lo p e  o n e -h a lf  w hich i n t e r s e c t s  th e  o r ig in  i f  th e  assum p­
t io n s  a r e  v a l i d .  T h is  r e g r e s s io n  l i n e  does n o t  s h i f t  w ith  th e  
d e g re e  o f dom inance b u t th e  d i s p e r s io n  o f  th e  p o in ts  a lo n g  th e  
l i n e  i s  s e n s i t i v e  to  th e  d e g re e  o f  dom inance. P o in ts  r e p r e s e n t ­
in g  th e  p a r e n ta l  a r r a y s  occupy a s in g le  p o s i t io n  i f  th e r e  i s  no 
dom inance b u t a s  dom inance in c r e a s e s  th e  p o in ts  become more and 
m ore s e p a r a te d  u n t i l  w ith  com ple te  u n i d i r e c t i o n a l  dom inance th e  
to p  dom inant p a re n t  l i e s  a t  th e  o r ig i n  and th e  l e a s t  dom inant 
p a re n t  i s  s i t u a t e d  a t  th e  p o s i t i o n  i n  th e  f i r s t  q u a d ra n t f a r t h e s t
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rem oved from  th e  o r i g i n .  P o in ts  r e p r e s e n t in g  th e  p a re n ts  o f 
a r r a y s  w hich e x h ib i t  overdom inance f a l l  in  th e  t h i r d  q u a d ra n t 
when th e r e  i s  overdom inance a t  a l l  l o c i .  However, b ecause  
p o s i t i o n  on th e  l i n e  i s  a r e s u l t  o f  th e  w e ig h te d  e f f e c t iv e n e s s  
and dom inance o f a l l  th e  l o c i  f o r  each  p a r e n t ,  th e  f a i l u r e  of 
p o in ts  to  ap p e a r  in  th e  t h i r d  q u a d ra n t i s  n o t  c o n c lu s iv e  
e v id e n c e  f o r  th e  ab sen ce  o f  overdom inance a t  some l o c i .
Com plem entary i n t e r a l l e l i c  i n t e r a c t i o n  can  be d e te c te d  by 
th e  a p p e a ra n ce  o f  some p o in ts  below  th e  l i n e  o f  u n i t  s lo p e  on th e  
(Wr ,Vr ) g rap h  and above th e  l in e  o f o n e -h a l f  s lo p e  on th e  
(W'r ,Wr ) g ra p h . The co m b in a tio n  o f  th e s e  g ra p h s  th e r e f o r e  p e rm its  
th e  d e te r m in a t io n  o f  th e  p re s e n c e  o f a b sen ce  o f  c e r t a i n  ty p e s  o f 
e p i s t a s i s .
The m ethod d e s c r ib e d  in  th e  p re c e d in g  p a ra g ra p h s  was a p p lie d  
to  th e  means o b ta in e d  from  each  e x p e rim e n t f o r  each  c h a r a c te r  
s tu d ie d  in  a l l  f i v e  o f th e  h y b r id  g e n e r a t io n s .
Rank c o r r e l a t i o n s
The r e c u r r e n t  p a re n ts  o f  th e  d i a l l e l s  w ere ran k e d  on th e  
b a s i s  o f ( 1 ) th e  mean pe rfo rm ance  o f  t h e i r  p ro g en y , ( 2 ) th e  s ig n  
and m ag n itu d e  o f  th e  bp v a lu e s  from  m ost n e g a t iv e  to  m ost 
p o s i t i v e ,  (3) th e  o rd e r  o f  dom inance on th e  Wr ,Vr  and (4)
W'r ,Wr  g ra p h s  w ith  th e  m ost dom inant l i n e  g iv e n  a s c o re  o f u n i ty .
Rank c o r r e l a t i o n  c o e f f i c i e n t s  w ere com puted f o r  each  p o s ­
s i b l e  p a i r  o f  s c o r in g  sy stem s in  each  g e n e r a t io n  f o r  a l l  th r e e  o f  
th e  c h a r a c te r s  s tu d ie d .




An e x a m in a tio n  o f  th e  y i e ld  d a ta  fo llo w in g  th e  1956 h a r v e s t  
le d  to  d i s c a r d in g  o f th e  d a ta  f o r  two o f  th e  low p a re n t  l i n e s ,  14 
and 2 0 , and o f  one o f  th e  (H x L) c r o s s e s ,  6  x 22 . The mean 
y i e l d s  o f  th e s e  l i n e s  w ere 8 1 .9  and 8 1 .4  b u s h e ls  p e r  a c re  as
com pared to  a  ra n g e  o f  1 2 .3  to  7 4 .1  b u s h e ls  p e r  a c re  f o r  th e
re m a in in g  s ix  in b re d  l i n e s .  The e x p e c ta t io n s  b a se d  on l i n e a r  r e ­
g r e s s io n  o f  p re v io u s  t e s t s  o f  th e s e  l i n e s  (35) w ere c a lc u la t e d  to  
be 2 1 .6  and 15 .5  b u s h e ls  p e r  a c r e .  In  th e  1957 t r i a l  y i e ld s  o f 
2 7 .9  and 2 4 .2  b u s h e ls  w ere o b ta in e d  w hich com pared f a v o r a b ly  w ith  
th e  ra n g e  o f  1 4 .3  to  5 5 .6  b u s h e ls  f o r  th e  o th e r  p a r e n t s .
The d a ta  f o r  th e  (H x L) h y b r id ,  6  x 2 2 , w ere r e j e c t e d  on 
th e  b a s i s  o f  th e  1957 y i e l d s .  P l o t t i n g  th e  y i e ld s  o f  t h i s  c ro s s  
a g a in s t  th e  g e n e ra t io n s  o f  in b re e d in g  r e s u l t e d  in  a  convex l i n e  
w ith  maximum c u rv a tu re  a t  th e  F3  g e n e r a t io n .  Such an u n u su a l 
re s p o n s e  was c o n s id e re d  to  i n d i c a t e  im proper h a n d lin g  o f  th e  seed  
s to c k s  o f  t h i s  h y b r id .  For t h i s  r e a s o n ,  a l l  o f  th e  d a ta  f o r  th e  
6  x  2 2  co m b in a tio n  w ere r e g a rd e d  as  s u s p e c t  and e l im in a te d  from
th e  a n a ly s e s .  One o th e r  h y b r id  was d e le te d  due to  a f a i l u r e  to
o b ta in  se e d  fo llo w in g  th e  F2  g e n e r a t io n .
The in b re e d in g  d e p re s s io n  c u rv e s  f o r  th e  a c re  g r a in  y i e l d  o f 
th e  re m a in in g  s ix  (H x H ), f o u r te e n  (H x L) and s i x  (L x L) 
h y b r id s  a r e  p r e s e n te d  i n  f ig u r e  1 . In  b o th  y e a rs  th e  (H x L)

























Figure 1. The e ffec t of inbreeding on the y ield  of crosses of four high- 
and four low-combining a b il i ty  lin es  forming the groups of s ix  (H x H), 
fourteen (H x L) and six  (L x L) hybrids tes ted  in  1956 and 1957*
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group o f  h y b r id s  was in te r m e d ia te  betw een th e  (H x H) and th e  
(L x L) g ro u p s a t  th e  g e n e r a t io n .  At th e  second  in b re d  
g e n e ra t io n  th e  mean y i e ld s  o f th e  (H x L) and (L x L) g ro u p s 
w ere a p p ro x im a te ly  th e  same b u t th e  d i f f e r e n c e  in c r e a s e d  in  
su b se q u e n t g e n e r a t io n s .  The (H x H) h y b r id s  were c o n s i s t e n t ly  
s u p e r io r  to  th e  o th e r  two g roups a t  a l l  d e g re e s  o f  h e te r o z y g o s i ty  
in c lu d e d  in  th e  s tu d y  in  b o th  y e a r s .
A s u g g e s t io n  o f  a p la te a u  e f f e c t  can  be seen  a t  th e  50 to  
8 7 .5  p e r  c e n t  hom ozygosity  i n t e r v a l  w here th e  s lo p e s  o f  th e  l i n e s  
a p p e a r  to  be somewhat l e s s  th a n  t h a t  betw een th e  o th e r  
g e n e r a t i o n s .
L in e a r  r e g r e s s io n  was n o t  found to  be e n t i r e l y  a d e q u a te  to  
d e s c r ib e  th e  in b re e d in g  d e p re s s io n  o b se rv e d  w h e th er th e  th r e e  
l e v e l s  o f  com bining a b i l i t y  were t e s t e d  j o i n t l y ,  t a b l e  1 , o r  
s e p a r a t e l y ,  t a b l e  2 . The F t e s t s  o f  th e  d e v ia t io n s  from  l in e a r  
r e g r e s s io n  (re m a in d e r)  w ere found  to  exceed  th e  .05  l e v e l  o f 
p r o b a b i l i t y  in  a l l  c a s e s  e x c e p t t h a t  o f th e  1956 (L x L) l e v e l .
The sums o f sq u a re s  o f  a n a ly s i s  o f v a r ia n c e  I I  w ere u t i l i z e d  
to  o b ta in  th e  p e r  c e n t  o f  th e  t o t a l  v a r i a t i o n  o v e r g e n e ra t io n s  
w i th in  each  l e v e l  o f com bining a b i l i t y  w hich c o u ld  be  a t t r i b u t e d  
to  n o n - l in e a r  r e g r e s s io n .  These r e s u l t s  a r e  g iv e n  in  t a b l e  3 .
The p ro p o r t io n  o f  n o n - a d d i t iv e  e f f e c t s  was somewhat l a r g e r  in  
1957 th a n  in  1956 b u t  in  no c a se  d id  i t  exceed  3 .5  p e r  c e n t  o f 
th e  t o t a l  v a r i a t i o n  f o r  y i e l d .
The l i n e a r  r e g r e s s io n  c o e f f i c i e n t s  c a lc u la t e d  f o r  th e  y i e ld  
d a ta  w ere - .7 3  in  1956 and - .6 7  in  1957. When d e te rm in e d  f o r














T a b le  1 . The a n a ly s i s  o f  v a r i a n c e  ( I )  f o r  th e  a c re  g r a i n  y i e l d s  o f  f o u r  h ig h -  and f o u r  low -com bin ing
p a r e n t  l i n e s  and th e  F^ th ro u g h  F5  g e n e r a t io n s  o f  t h e i r  d i a l l e l  c r o s s e s  grown i n  1956 and 1957.
S o u rc e  o f  V a r ia t io n   1956___________  1957__________
_______________________________________________________________ P .P .______Mean S q u a res____________D .F .______Mean S q u a res
T o ta l 567 583
R e p l ic a t i o n s 3 1 8 3 .66** 3 26 .6 6
E n t r i e s 141 2 ,8 6 9 .5 8 * * 145 2 ,5 6 3 .6 8 * *
G e n e r a t io n s  and l e v e l s 16 2 2 ,0 8 1 .5 7 * * 16 1 9 ,9 4 1 .6 6 * *
H igh l i n e s  v s .  low  l i n e s 1 1 8 ,2 5 1 .9 0 * * 1 6 ,1 5 4 .4 0 * *
L in e s  v s .  h y b r id s 1 3 ,2 9 7 .5 8 * 1 2 8 ,8 4 7 .3 5 * *
H y b rid  l e v e l s 2 3 ,0 8 3 .4 6 * * 2 4 ,9 7 3 .2 0 * *
G e n e r a t io n s  in  h y b r id  l e v e l s 1 2 2 7 ,1 3 2 .4 0 * * 1 2 2 2 ,8 4 3 .2 0 * *
G e n e ra t io n s 4 8 1 ,1 8 1 .6 5 * * 4 6 8 ,2 6 2 .3 6 * *
L in e a r 1 3 2 1 ,5 3 9 .9 2 * * 1 2 6 7 ,9 9 0 .2 5 * *
R em ainder 3 1 ,0 6 2 .2 2 * * 3 1 ,6 8 6 .3 9 * *
G e n e r a t io n s  x  h y b r id  l e v e l s 8 1 0 7 .77** 8 133 .63**
L in e a r  x  h y b r id  l e v e l s 2 9 3 .5 4 2 6 .9 8
R em ainder x  h y b r id  l e v e l s 6 1 1 2 .52** 6 175 .84**
Among h ig h  l i n e s 3 4 3 5 .9 7 * * 3 4 1 1 .9 7 * *
Among low  l i n e s 1 2 ,4 0 8 .3 6 * * 3 8 6 6 .9 8 * *
Among h y b r id s  in  l e v e l s 23 8 3 0 .6 0 * * 23 1 ,0 0 4 .3 7 * *
H y b rid s  in  H x  H l e v e l 5 3 8 6 .6 2 * * 5 31 1 .16**
H y b rid s  in  H x L l e v e l 13 1 ,0 3 9 .5 5 * * 13 1 ,3 2 2 .6 3 * *
H y b rid s  in  L x  L l e v e l 5 7 3 1 .31** 5 87 0 .12**
H y b rid s  x  g e n e r a t io n s  in  H x  H l e v e l 2 0 2 7 0 .0 4 * * 2 0 3 6 2 .2 7 * *
L in e a r  x  h y b r id s  i n  H x H l e v e l 5 5 7 5 .2 8 * * 5 7 6 9 .66**
R em ainder x  h y b r id s  i n  H x H l e v e l 15 16 8 .29** 15 2 2 6 .47**
H y b rid s  x  g e n e r a t io n s  i n  H x L l e v e l 52 3 6 7 .4 0 * * 52 3 0 2 .1 6 * *
L in e a r  x  h y b r id s  i n  H x  L l e v e l 13 7 9 9 .5 2 * * 13 6 7 8 .5 5 * *
R em ainder x  h y b r id s  in  H x L l e v e l 39 2 2 3 .3 6 * * 39 176 .69**
H y b rid s  x  g e n e r a t io n s  i n  L x L l e v e l 2 0 19 2 .38** 2 0 1 2 1 . 8 6 **
L in e a r  x  h y b r id s  i n  L x L l e v e l 5 3 2 6 .7 6 * * 5 196 .97**
R em ainder x  h y b r id s  in  L x L l e v e l 15 1 4 7 .59** 15 9 6 .8 3 * *














Table 1. The analysis of variance (I) for the acre grain yields of four high- and four low-combining
parent lines and the through generations of their diallel crosses grown in 1956 and 1957.—
(continued)
S o u rc e  o f  V a r ia t io n 1956 1957
Ei .F . Mean S q u a res D .F . Mean S q u a res
E n t r i e s  x  r e p l i c a t i o n s 423 2 5 .4 9 435 2 1 .5 4
G e n e r a t io n s  and l e v e l s  x  r e p l i c a t i o n s 48 6 2 .9 1 48 3 0 .2 3
H igh l i n e s  v s .  low l i n e s  x  r e p l i c a t i o n s 3 15 .26 3 8 .5 5
L in e s  v s .  h y b r id s  x  r e p l i c a t i o n s 3 1 1 0 .1 4 3 4 1 .2 9
H y b rid  l e v e l s  x  r e p l i c a t i o n s 6 4 8 .4 5 6 4 8 .8 6
G e n e r a t io n s  in  h y b r id  l e v e l s  x  r e p l i c a t i o n s 36 6 5 .3 5 36 28 .0 1
G e n e r a t io n s  x r e p l i c a t i o n s 1 2 147 .17 1 2 5 8 .9 8
L in e a r  x  r e p l i c a t i o n s 3 2 6 7 .2 3 3 24 .8 9
R em ainder x r e p l i c a t i o n s 9 107 .15 9 7 0 .3 4
G e n e r a t io n s  x h y b r id  l e v e l s  x  r e p l i c a t i o n s 24 2 4 .4 4 24 12 .52
L in e a r  x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 6 2 3 .8 0 6 18 .29
R em ainder x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 18 2 4 .6 6 18 1 3 .9 4
Among h ig h  l i n e s  x  r e p l i c a t i o n s 9 3 8 .1 2 9 1 0 . 0 1
Among low  l i n e s  x  r e p l i c a t i o n s 3 7 .8 1 9 20 .25
Among h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 2 8 .8 4 69 15 .4 2
H y b rid s  in  H x H l e v e l  x  r e p l i c a t i o n s 15 3 8 .1 6 15 24 .67
H y b rid s  in  H x L l e v e l  x  r e p l i c a t i o n s 39 3 1 .2 3 39 14 .1 3
H v b rid s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 1 3 .3 0 15 9 .5 4
H y b r id s  x  g e n e r a t io n s  in  H x H l e v e l  x  r e p l i c a t i o n s 60 2 2 .4 2 60 2 6 .2 1
L in e a r  x  h y b r id s  i n  H x  H l e v e l  x  r e p l i c a t i o n s 15 7 6 .2 0 15 3 8 .4 4
R em ainder x  h y b r id s  i n  H x H l e v e l  x  r e p l i c a t i o n s 45 4 .4 9 45 2 2 .1 3
H y b rid s  x  g e n e r a t io n s  i n  H x L l e v e l  x  r e p l i c a t i o n s 156 1 8 .2 0 156 2 2 .9 8
L in e a r  x  h y b r id s  i n  H x L l e v e l  x  r e p l i c a t i o n s 39 18 .1 6 39 2 8 .6 4
R em ainder x  h y b r id s  in  H x L l e v e l  x  r e p l i c a t i o n s 117 18 .21 117 2 1 .0 9
H y b rid s  x  g e n e r a t io n s  i n  L x  L l e v e l  x  r e p l i c a t i o n s 60 1 7 .8 0 60 1 5 .8 8
L in e a r  x  h y b r id s  i n  L x L l e v e l  x  r e p l i c a t i o n s 15 11 .29 15 22 .8 5
R em ainder x  h y b r id s  i n  L x  L l e v e l  x  r e p l i c a t i o n s 45 19 .97 45 13 .55














T a b le  2 .  The a n a ly s i s  o f  v a r i a n c e  ( I I )  f o r  th e  a c r e  g r a i n  y i e l d s  o f  f o u r  h ig h -  and f o u r  low -com bin ing




Mean Squares D .F .
1957 
Mean Squares
Generations in hybrid levels 1 2 2 7 ,1 3 2 .4 0 * * 1 2 2 2 ,8 4 3 .2 0 * *
Generations in H x H hybrid level 4 1 8 ,3 3 1 .3 4 * * 4 1 6 ,1 2 4 .7 3 * *
Linear 1 7 1 ,9 1 4 .5 2 * * 1 6 1 ,8 6 5 .4 1 * *
Remainder 3 4 7 0 .2 8 * 3 7 4 4 .5 1 * *
Generations in H x L hybrid level 4 4 5 ,7 4 7 .5 9 * * 4 3 6 ,5 4 4 .7 1 * *
Linear 1 1 8 0 ,6 6 4 .7 2 * * 1 1 4 2 ,7 3 8 .6 4 * *
Remainder 3 7 7 5 .22** 3 1 ,1 4 6 .7 3 * *
Generations in L x L hybrid level 4 1 7 ,3 1 8 .2 7 * * 4 1 5 ,9 6 0 .1 7 * *
Linear 1 6 9 ,1 4 7 .7 5 * * 1 6 3 ,4 0 0 .1 6 * *
Remainder 3 4 1 .7 7 3 1 4 6 .84**
Generations in hybrid levels x replications 36 6 5 .3 5 36 2 8 .0 1
Generations in H x H hybrid level x replications 1 2 9 3 .5 3 1 2 1 9 .8 2
Linear x replications 3 130 .8 6 3 1 2 . 8 6
Remainder x replications 9 8 1 .0 9 9 2 2 .1 4
Generations in H x L hybrid level x replications 1 2 6 2 .6 4 1 2 4 9 .3 9
Linear x replications 3 8 6 .4 8 3 3 .6 4
Remainder x replications 9 5 4 .7 0 9 6 4 .6 4
Generations in L x L hybrid level x replications 1 2 3 9 .8 8 1 2 1 4 .8 2
Linear x replications 3 9 7 .5 0 3 2 4 .6 4















T a b le  3 . The p e r  c e n t  o f  th e  v a r i a t i o n  o f  g e n e r a t io n s  w i th in  l e v e l s  w hich  i s  a t t r i b u t a b l e  
to  n o n - a d d i t iv e  e f f e c t s .  (R em ainder sum o f  s q u a re s  f  g e n e r a t io n s  sum o f  s q u a re s  
f o r  th e  a p p r o p r i a t e  c h a r a c t e r  and  y e a r . )
L e v e l Y ie ld P la n t  H e ig h t E a r H e ig h t
1956 1957 Mean 1956 1957 Mean 1956 1957 Mean
H x  H 1 .9 3 .5 2 .7 1 6 .3 6 .4 1 1 . 8 5 .1 8 . 1 6 . 6
H x  L 1 .3 2 .4 1 . 8 1 4 .4 6 . 8 1 0 . 6 0 .7 1 . 1 0 .9
L x  L 0 . 2 0 .7 0 .4 2 . 0 0 .9 1 .4 1 .3 1 .3 1 .3
Means 1 . 1 2 . 2 1 . 6 1 0 .9 4 .7 7 .9 2 .4 3 .5 2 .9
roUl
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each  l e v e l ,  v a lu e s  o f  -.72 and -.67 f o r  the (li x H) l e v e l ,  - .7 5  
and -.66 f o r  th e  (E x L ) l e v e l  and -.70 and -.67 f o r  th e  (L  x L )  
l e v e l  were o b ta in e d  i n  th e  two y e a r s .
I t  can  be se e n  from  t a b l e  ^ t h a t ,  i n  a l l  f iv e  g e n e r a t io n s ,  
d i f f e r e n c e s  e x is t e d  betw een th e  l e v e l s  and betw een th e  h y b r id s  
w i th in  th e  l e v e l s  w ith  th e  s o le  e x c e p t io n  o f  th e  h y b r id s  w i th in  
th e  (E  x H) g roup  a t  th e  F2 g e n e r a t io n  i n  1956.
The r e s u l t s  o f  th e  c o n s ta n t  p a r e n t  r e g r e s s io n  a n a ly s i s  o f  th e  
y i e l d  d a ta  a re  p re s e n te d  i n  t a b l e  5 . P a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  
were o b ta in e d  w hich ran g ed  i n  m agn itude  from  - ,2 k  t o  .53  i n  1956 and 
from  -.U 8  t o  .9 ^  i n  1957* The t r e n d  o f  th e  bp v a lu e s  i n  r e l a t i o n  
t o  th e  p a r e n t a l  means waB n o t l a r g e  and t h i s  i s  r e f l e c t e d  by th e  
low m agn itude  o f  t h e  b2 c o e f f i c i e n t s .  E s t im a te s  o f  th e  c r i t i c a l  
p a r e n t  v a lu e s  exceeded  th e  u p p er l i m i t s  o f  th e  ra n g e s  o f  th e  p a r e n t ­
a l  p h en o ty p es  o n ly  f o r  th e  F^ g e n e r a t io n  i n  b o th  o f  t h e  y e a r s .  Nega­
t i v e  e s t im a te s  were o b ta in e d  f o r  t h e  F-  ^ and F^ g e n e ra t io n s  i n  1956 
and f o r  th e  F2 and F^ g e n e ra t io n s  i n  1957.
These r e s u l t s  d i f f e r  somewhat from  th o s e  o b ta in e d  by L o n n q u is t 
(3 5 ) i n  an  e x p e rim e n t w hich in c lu d e d  th e  l in e s  used as  p a re n ts  i n  
th e  p r e s e n t  s tu d y .  He o b ta in e d  an  in v e r s e  t r e n d  betw een  th e  
p a r e n t a l  p h en o ty p es  and th e  F-  ^ p a r t i a l  r e g r e s s io n s  w hereas th e  
com parab le  v a lu e s  i n  t a b l e  5 a re  p o s i t i v e .
F ig u re s  2 and 3 and f ig u r e s  If and 5 i l l u s t r a t e  t h e  r e s u l t s  o f  
t h e  g ra p h ic  m ethod o f  a n a ly s i s  o f  th e  y i e l d  d a ta  f o r  1956 and 1957 >














T a b le  4 .  The a n a ly s i s  o f  v a r i a n c e  ( I I I )  f o r  th e  a c re  g r a i n  y i e l d s  o f  th e  th ro u g h  F5  g e n e r a t io n s  o f  
th e  d i a l l e l  c r o s s e s  o f  f o u r  h ig h -  and  fo u r  lo w -co m b in in g  p a r e n t  l i n e s .
S o u rc e  o f  V a r ia t io n 1956 1957
D .F . Mean S q u a res D .F . Mean S q u a res
T o ta l
R e p l ic a t i o n s
G e n e r a t io n s
H y b r id s  in  g e n e r a t i o n s  and 
F i  h y b r id s  and l e v e l s  
F^ l e v e l s
F^ h y b r id s  in  l e v e l s  
F^ h y b r id s  i n  H x  H
F i  h y b r id s  in  H x  L
F^ h y b r id s  in  L x  L
F 2  h y b r id s  and l e v e l s
F£ l e v e l s
F2  h y b r id s  in  l e v e l s  
F 2  h y b r id s  i n  H x H
F2  h y b r id s  i n  H x  L
F 2  h y b r id s  in  L x  L
F3  h y b r id s  and l e v e l s  
F 3  l e v e l s
F3  h y b r id s  i n  l e v e l s  
F3  h y b r id s  in  H x H
F3  h y b r id s  i n  H x L
F 3  h y b r id s  i n  L x  L
F4  h y b r id s  and l e v e l s  
F4  l e v e l s
F4  h y b r id s  in  l e v e l s  
F4  h y b r id s  in  H x  H
F4  h y b r id s  in  H x  L
F4  h y b r id s  i n  L x L
519
3 238 .0 6
519
3 10 .65
4 8 1 ,1 8 1 .6 5 * * 4 6 8 ,2 6 2 .3 6 * *
l e v e l s 125 4 3 5 .8 9 * * 125 4 7 6 .0 9 * *
25 4 6 6 .3 5 * * 25 5 5 4 .3 7 * *
2 9 8 0 .5 9 * * 2 1 ,4 3 1 .7 9 * *
23 4 2 1 .6 3 * * 23 4 7 8 .0 8 * *
l e v e l 5 2 9 2 .0 5 * * 5 4 6 0 .3 5 * *
l e v e l 13 4 5 4 .3 3 * * 13 5 2 6 .9 5 * *
l e v e l 5 4 6 6 .2 1 * * 5 3 6 8 .7 3 * *
25 4 6 9 .1 5 * * 25 5 1 8 .8 0 * *
2 2 5 8 .3 0 * * 2 4 5 6 .4 8 * *
23 4 8 7 .4 8 * * 23 5 2 4 .2 2 * *
l e v e l 5 4 1 .4 4 5 116 .49**
le v e l 13 6 3 6 .7 3 * * 13 7 2 9 .2 6 * *
l e v e l 5 5 4 5 .5 0 * * 5 3 9 8 .8 5 * *
25 2 8 9 .9 5 * * 25 2 4 7 .0 8 * *
2 5 1 8 .0 8 * * 2 5 9 2 .5 5 * *
23 2 7 0 .1 2 * * 23 2 1 7 .0 4 * *
l e v e l 5 4 8 5 .7 2 * * 5 3 6 3 .3 6 * *
l e v e l 13 2 7 5 .0 6 * * 13 2 0 7 .3 1 * *
l e v e l 5 4 1 .6 6 * * 5 9 6 .0 3 * *
25 3 0 9 .6 3 * * 25 4 0 5 .5 0 * *
2 9 9 1 .2 6 * * 2 1 ,5 7 6 .7 8 * *
23 2 5 0 .3 6 * * 23 3 0 3 .6 5 * *
l e v e l 5 3 2 0 .9 0 * * 5 4 4 7 .7 1 * *
l e v e l 13 2 5 5 .9 6 * * 13 3 1 0 .0 9 * *
















Table 4. The analysis of variance (111) for Che acre grain yields of Che through Fj generaCions of
Che diallel crosses of four high- and four low-combining parenC lines.--(conCinued)
S o u rce  o f  V a ria C io n
F5  h y b r id s  and l e v e l s  
F5  l e v e l s
F5  h y b r id s  i n  l e v e l s
F5  h y b r id s  i n  H x  H l e v e l
F5  h y b r id s  i n  H x L  l e v e l
F5  h y b r id s  i n  L x  L l e v e l
G e n e raC io n s  x  r e p l i c a C io n s
H y b r id s  i n  g e n e ra C io n s  and  l e v e l s  x  r e p l ic a C io n s  
F i  h y b r id s  and l e v e l s  x  r e p l i c a C io n s  
F], l e v e l s  x  r e p l i c a C io n s  
F i  h y b r id s  i n  l e v e l s  x  r e p l i c a C io n s
F^ h y b r id s  i n  H x  H l e v e l  x  r e p l i c a C io n s
F^ h y b r id s  i n  H x  L l e v e l  x  r e p l i c a C io n s
F^ h y b r id s  i n  L x  L l e v e l  x  r e p l i c a C io n s
F 2  h y b r id s  and l e v e l s  x  r e p l i c a C io n s
F2  l e v e l s  x  r e p l i c a C io n s  
F2  h y b r id s  i n  l e v e l s  x  r e p l i c a C io n s
&2 h y b r id s  in  H x  H l e v e l  x  r e p l ic a C io n s
F 2  h y b r id s  in  H x  L l e v e l  x  r e p l ic a C io n s
F2  h y b r id s  in  L x  L l e v e l  x  r e p l ic a C io n s
F3  h y b r id s  and l e v e l s  x  r e p l i c a C io n s  
F 3  l e v e l s  x  r e p l i c a C io n s  
F3  h y b r id s  in  l e v e l s  x  r e p l i c a C io n s
F3  h y b r id s  i n  H x  H l e v e l  x  r e p l ic a C io n s
F3  h y b r id s  i n  H x  L l e v e l  x  r e p l ic a C io n s
F 3  h y b r id s  i n  L x  L l e v e l  x  r e p l i c a C io n s
__________ 1956__________________   1957___
D .F . Mean S q u a res________ D .F . Mean S q u a res
25 6 4 4 .3 7 * * 25 65 4 .6 8 * *
2 7 6 6 .3 2 * * 2 1 ,4 5 0 .1 0 * *
23 6 3 3 .7 7 * * 23 5 8 5 .5 1 * *
5 3 2 6 .6 8 * * 5 37 2 .3 3 * *
13 8 8 7 .0 8 * * 13 75 7 .6 6 * *
5 2 8 2 .2 3 * * 5 35 1 .1 1 * *
1 2 147 .17 1 2 5 8 .9 8
375 2 1 .6 5 375 2 0 .7 1
75 1 9 .4 9 75 3 3 .0 9
6 4 3 .5 6 6 2 3 .5 9
69 1 7 .4 0 69 3 3 .9 1
15 1 1 .7 6 15 5 1 .1 5
39 21 .2 5 39 2 9 .7 2
15 1 3 .0 3 15 27 .5 7
75 2 8 .1 2 75 2 1 .4 2
6 1 6 .8 8 6 2 3 .7 3
69 2 9 .0 9 69 2 1 . 2 2
15 3 2 .8 1 15 10 .75
39 3 1 .0 9 39 2 8 .6 2
15 2 0 .1 8 15 1 2 .4 5
75 2 1 .8 3 75 1 6 .4 1
6 3 6 .3 0 6 8 .2 4
69 2 0 .5 7 69 1 7 .1 2
15 2 9 .3 2 15 1 6 .8 8
39 1 9 .8 8 39 1 6 .7 2
















Table 4* The analysis of variance (III) for the acre grain yields of the F. through F_ generations of
the diallel crosses of four high- and four low-combining parent lines•--(continued)
S o u rce  o f  V a r ia t io n
D .F .
1956 
Mean S q u a res D .F .
1957 
Mean S q u a res
F4  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s 75 2 2 . 1 0 75 2 1 .55
F4  l e v e l s  x  r e p l i c a t i o n s 6 4 2 .6 0 6 3 4 .6 0
F4  h y b r id s  i n  l e v e l s  x  r e p l i c a t i o n s 69 2 0 .3 2 69 2 0 .4 1
F4  h y b r id s  in  H x H l e v e l  x  r e p l i c a t i o n s 15 3 4 .8 1 15 3 7 .9 3
F4  h y b r id s  in . H x L l e v e l  x  r e p l i c a t i o n s 39 16 .91 39 19 .46
F4  h y b r id s  i n  L x  L l e v e l  x  r e p l i c a t i o n s 15 14 .6 9 15 5 .3 8
F5  h y b r id s  and  l e v e l s  x  r e p l i c a t i o n s 75 1 6 .7 1 75 1 1 . 1 0
F5  l e v e l s  x r e p l i c a t i o n s 6 6 . 8 8 6 8 .8 2
F5  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 17 .5 7 69 1 1 .3 0
F5  h y b r id s  in  H x  H l e v e l  x  r e p l i c a t i o n s 15 1 9 .1 3 15 12 .7 9
F5  h y b r id s  i n  H x  L l e v e l  x  r e p l i c a t i o n s 39 14 .8 8 39 1 1 .5 2
















T a b le  5 .  A summary o f  t h e  c o n s ta n t  p a r e n t  -  p ro g e n y  r e g r e s s i o n  c o e f f i c i e n t s  (b  ) ,  t h e  seco n d  o r d e r  
r e g r e s s i o n  c o e f f i c i e n t s  (b 2 ) ,  t h e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
( r p . b  ) and t h e  c r i t i c a l  p a r e n t  v a lu e s  (p c ) f o r  t h e  a c re  g r a i n  y i e l d  o f  t h e  in b re d  l i n e  
p a r e n t s  and th e  d i a l l e l  h y b r id  p r o g e n ie s  form ed from  them .
R e c u r re n t P a r e n t
6 . 2 7 17 19 . . . 22 1
b2 p .  bp Pc
Mean A cre 
G ra in  Y ie ld  
( B u .) 7 ^ .1 _ 7Q..3. 6 o .6 -5 8 .9 . . . 3 6 .9 1 2 .3
F 1 .32 .3 7 •  2 I4- .33 .3U - .0 2 .005 .8 0 -  .k
f 2 .53 .2 8 .1 6 .3 9 .3 5 - .2 1 .009 .7 9 2 k .k
bP f 3 .23 .1 1 .2 7 .03 .0 5 - .2 lf .007 .8 6 l n .5
.03 .1 0 .23 .1 1 .0 7 .0 7 .0 0 0 .1 6 - 16U.8















T a b le  5 . A summary o f  t h e  c o n s ta n t  p a r e n t  -  p ro g en y  r e g r e s s i o n  c o e f f i c i e n t s  (b  ) ,  t h e  seco n d  o r d e r  
r e g r e s s i o n  c o e f f i c i e n t s  ( b p ) ,  th e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
( r p .b p ) a n i  t*16 c r i t i c a l  p a r e n t  v a lu e s  ( p c ) f o r  t h e  a c re  g r a i n  y i e l d  o f  t h e  in b re d  l i n e  p a r e n t s  
an a  th e  d i n l l e l  h y b r id  p r o g e n ie s  form ed from  th e m .— (c o n c lu d e d ) .
1221
R e c u r re n t P a r e n t
17 27 6 22 19 lit 20 1
b2 p . bp P c
Mean A cre 
G ra in  Y ie ld  
. ( B u ,) ______ 5 5 .6 k6.9 k2 .9 3 9 .5 3 8 .8 2 7 .9 2k .2 l i t ,  3
F 1 .7*+ .2 8 .2k .73 .6k • 37 .3*t - .0 7 . O i l * .6 6 7 .0
F2 .2 5 ,l»4 .53 .k6 .5 6 .it3 - .1 2 -.l»8 .002 .7 1 -9 3 .7
*P f 3 • 7^ • 36
COon• .5 2 . l i t .37 .2 5 - .0 3 .01k •79 1 2 .0
,6k .53 .0 0 .3 1 .73 .7 0 .2 8 .33
00
• .19 -7 3 .7
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Figure 2. The graph of the variances of the arrays (V_) and of the 
covariances of the arrays and the recurrent parents (Wj.) fo r the 
yields of the d ia lle l  crosses in 1956.
1800
Figure 3. The graph of the covariances of the arrays and the 
recurrent parents (Wr ) and the covariances of the arrays and 
the means of the arrays (W'r ) fo r the Fi y ields of the d ia l le l  
crosses in  1956.





Figure It. The greph of the variances of the arrays (V ) end the 
corarlenees of the arrays end the recurrent parente (WJ.) for the 
Fi yields of the d ia lle l eroaaea In 1957.
800-■
•lUl to o  - •
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Figure 5. The graph of tlie covariances o f the airrays and the 
recu rren t parents (Wr ) and of the covariances of the arrays 
and the means of the arrays (W’r ) fo r  the F]_ y ie ld s  o f the 
d ia l le l  crosses in  1957.
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r e s p e c t i v e l y .  A lthough  th e  top  dom inant and bo ttom  r e c e s s iv e  g eno ­
ty p e s  w ere n o t  in c lu d e d  in  th e  t e s t s ,  a  c o n s id e r a b le  ran g e  in  d e ­
g re e  o f  dom inance was p r e s e n t  in  th e  g e n e r a t io n  w ith  l i n e s  6  and 
1  b e in g  th e  m ost dom inan t and r e c e s s iv e  p a r e n t s ,  r e s p e c t i v e ly ,  in
1956. The two g rap h s  o f th e  1957 d a ta  a re  n o t  i n  ag reem en t and 
b o th  d e v ia te  from  th e  r e s u l t s  w hich w ere o b ta in e d  in  th e  p re v io u s  
y e a r .  On th e  Wr ,Vr  g ra p h , 17 i s  th e  m ost dom inan t and 20 th e  m ost 
r e c e s s iv e  p a re n t  w hereas on th e  W'r ,Wr  g rap h  th e  m ost dom inant 
p a r e n t  i s  27 and th e  l e a s t  dom inant p a re n t  i s  1 . In  g e n e r a l ,  th e  
fo u r  l i n e s  s e le c te d  f o r  h ig h  com bining  a b i l i t y  w ere more dom inant 
f o r  h ig h  y i e l d  th a n  th e  fo u r  l i n e s  s e le c te d  f o r  low com bining 
a b i l i t y .  The 1957 g ra p h s ,  how ever, show t h a t  th e  low l i n e  22 was 
m ore dom inant f o r  h ig h  y i e ld  th a n  th e  l i n e  19 o f  th e  h ig h  g ro u p .
A p paren t overdom inance i s  e v id e n t  f o r  l i n e  27 in  f ig u r e  5 
w here th e  p o in t  r e p r e s e n t in g  t h i s  p a re n t  f a l l s  in  th e  t h i r d  quad­
r a n t  o f  th e  W'r ,Wr. g r a p h . S im ila r  e v id e n c e  f o r  overdom inance i n ­
v o lv in g  l i n e  6  a t  th e  F^ g e n e ra t io n  was o b ta in e d .
The d i s p e r s io n  o f  th e  p o in ts  r e p r e s e n t in g  th e  r e c u r r e n t  
p a r e n ts  d im in ish e d  a s  in b re e d in g  p ro g re s s e d  b u t  th e  p o in ts  ten d e d  
to  m a in ta in  th e  same p o s i t i o n s  r e l a t i v e  to  one a n o th e r .  The 
d i s p e r s io n  would b e  e x p e c te d  to  r e a c t  in  t h i s  m anner s in c e  th e  
e f f e c t i v e  number o f  l o c i  sh o u ld  be h a lv e d  in  each  su c c e e d in g  g e n e r ­
a t i o n  o f  in b re e d in g .
The l i n e a r  r e g r e s s io n  c o e f f i c i e n t s  f o r  th e  s c a t t e r s  a re  
t a b u la te d  in  t a b l e  6 . In  m ost c a s e s  th e  s lo p e s  o b ta in e d  w ere o f  
low er m ag n itu d e  th a n  e x p e c te d  on th e  b a s i s  o f  d i a l l e l  th e o r y .  T h is
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was n o t to o  s u r p r i s in g  s in c e  some o f th e  a ssu m p tio n s  upon w hich 
th e  m ethod o f a n a ly s i s  i s  b ased  w ere n o t  m et by th e  e x p e r im e n ta l  
m a te r i a l  in  q u e s t io n .  The p a re n t  l i n e s  w ere r e l a t i v e l y  
homozygous a lth o u g h  n o t  c o m p le te ly  s o ,  l in k a g e  f o r  genes e f f e c t i n g  
th e  q u a l i t a t i v e  t r a i t s  s tu d ie d  w ould l i k e l y  be a  f a c t o r  and 
e p i s t a s i s  o f a s o r t  no d o u b t e x i s t s  a s  a g e n e ra l  o c c u rre n c e  and 
i s  b o rn e  o u t  by th e  g ra p h ic  a n a l y s i s .
C om plem entary i n t e r a l l e l i c  gene a c t io n  a p p e a re d  to  be o f some 
im p o rtan ce  in  th e  y i e l d  o f  th e  h y b r id s  t e s t e d .  T h is  i s  r e f l e c t e d  
by th e  a p p e a ra n ce  o f  some p o in ts  below  th e  t h e o r e t i c a l  r e g r e s s io n  
l i n e  o f  th e  Wr ,Vr  g rap h  and above th e  l i n e  in  th e  W'r ,Wr  g ra p h .
As shown in  t a b l e  7 th e  p re s e n c e  o f  com plem entary  gene i n t e r a c t i o n  
was i n d ic a te d  in  10 o f  th e  p o s s ib le  70 a r r a y s  f o r  y i e l d .  T here  
seemed to  be l i t t l e  a s s o c i a t i o n  betw een  t h i s  ty p e  o f  e p i s t a s i s  and 
th e  com bining  a b i l i t y  l e v e l  o f  th e  r e c u r r e n t  p a r e n ts  s in c e  th e  
number o f in s t a n c e s  in  w hich  i n t e r a c t i o n  was d e te c te d  i s  e q u a l ly  
a p p o r t io n e d  betw een th e  two p a r e n t a l  c l a s s i f i c a t i o n s .
The m ag n itu d e  o f  th e  ra n k  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  
s e v e r a l  c o m b in a tio n s  o f  m ethods o f  exam in ing  th e  d a ta  te n d e d  to  be 
q u i t e  low w ith  th e  e x c e p t io n  o f  ra n k  b a sed  on th e  two g ra p h s  o f  
th e  d i a l l e l  a n a l y s i s ,  a s  shown in  t a b l e  8 . S i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  betw een  th e  p a r e n t  p a r t i a l  r e g r e s s io n  m ethod and th e  
d i a l l e l  g ra p h s  was o b ta in e d  o n ly  in  th e  F4  and F5  g e n e ra t io n s  in
1957. A c o n s id e r a b le  number o f  th e  c o r r e l a t i o n s  a r e  n e g a t iv e .
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T a b le  6 . A summary o f  th e  r e g r e s s io n  c o e f f i c i e n t s  o f  th e  g ra p h ic  
m ethod o f a n a ly s i s  o f  th e  a c re  g r a in  y i e l d ,  p l a n t  h e ig h t  




wr  vr t>w'r
2 /
wr
C h arac te r 1956 1957 1956 1957
Y ie ld
Fl .76 .55 .38 .31
f 2 .90 .35 .33 .15
F3 .90 .75 .45 .32
F4 .96 1.04 .22 .59
F5 .49 .46 .30 .54
P la n t H eight
F l .58 .72 .29 .20
f 2 .87 .64 .15 .25
F3 .16 .68 -.1 3 .44
F4 1.23 .88 .31 .31
f5 1.37 • 00 00 .21 .32
Ear H eight
F l .72 .69 .48 .36
F2 .80 .75 .44 .52
F3 .33 .76 .33 .41
F4 .40 .72 .34 .35
F5 -1 .11 -.0 1 .41 - .1 2
1 / E xpec ted  v a lu e  o f  1 .00  
2 /  E xpec ted  v a lu e  o f  .50
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T ab le  7 . Summary o f th e  p re se n c e  o f  com plem entary  i n t e r a l l e l i c  
gene a c t io n  in d ic a te d  by th e  g ra p h ic  m ethod o f  d i a l l e l  
a n a ly s i s  o f e ig h t  s e le c te d  in b re d  l i n e s .
R e c u rre n t
P a re n t
1956 1957
» 1




19 * * * *
27
1 * * *
14 - - - - - *
2 0 - - - - - *
2 2
P la n t
H eig h t
6 *
17 *
19 * * * *
27 *
1 * *
14 - - - - - * *
-■ 2 0 - - - - - *
2 2 * * * *
E ar
H eig h t
6 * *
17 * * * * *
19 * * * * * *
27 * * *
1 * *
14 - - - - - * * *
2 0 - - - - - *
2 2 * *
* I n d ic a te s  th e  p re s e n c e  o f  i n t e r a c t i o n .
-  I n d ic a te s  t h a t  d a ta  w ere n o t  a v a i l a b l e .
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T a b le  8 . The ra n k  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each  g e n e ra t io n  o f  i n -  
b re e d in g  c a lc u la t e d  by ra n k in g  th e  r e c u r r e n t  p a re n ts  on th e  
b a s i s  o f  (1) t h e i r  mean p re p o te n c y  in  d i a l l e l  c ro s s e s  (D ),
(2) th e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  (b p ) ,  (3) th e  o rd e r  o f 
dom inance a s  d e te rm in e d  by th e  Wr ,V_ g rap h  and (4) th e  o rd e r  
o f  dom inance as d e te rm in e d  by th e  W r ,Wr  g ra p h .
G e n e ra t io n V a r ia b le s
C o r r e la te d
Y ie ld
1956 1957
P la n t  H e ig h t 
1956 1957







D -bp .09 .00 .26 .05 .94** - • OJ 00
-wrvr - .49 - .33 .43 .33 .60 - .55
-w 'r ,wr - .31 .21 .43 .19 .77 - .33
b p -wrvr - .31 - .30 - .03 .74* .66 .40
-w 'rwr - .49 - .17 - .03 .67* .83* .48
wrv r -w 'rwr .94** .79* 1.00** .98** .94** .88**
D -bp .49 - .43 .03 - .43 .31 .29
-wrvr - .17 - .48 .31 -  .14 .49 .26
-W rwr .03 - .38 .31 -  .40 .71 .24
bP -wrv r - .03 .01 .83* .26 .94** .69*
-W'r Wr .37 .43 .83* .60 .83* .76*
wrvr -W'rWr .83* .79* 1.00** . 8 6 ** .94** .95**
D -bp - .77 - .19 -  .26 - .33 .26 . 0 0
-WrVr .37 .29 - .14 -  .07 -  .31 - .38
-W'r Wr .26 .02 .43 - .02 - .71 - .09
bp -wrvr - .03 - .26 .83* .30 - .60 .21
-W'r Wr .09 - .02 .03 .46 - .49 .17
Wr Vr -w 'rwr .94** .90** .03 .83** .66 .90**
D ’bp - .54 - .10 - .49 - .25 .37 _ .21
-Wr Vr - .20 .07 - .20 .19 - .26 - .31
- w rwr - .37 .43 - .14 .19 .20 - .14
bP -wrvr - .26 . 8 8 ** .54 .81* .43 .79*
- w rwr .14 .76* .77 .81* .71 .95**
wrvr -w 'rwr .83* .93** .83* 1.00** .83* .90**
D -bp - .09
CMr*“t• .37 .38 .09 .21
-w£vr - .09 .07 .03 .50 .26 - .40
-w 'rwr - .09 .02 .03 .45 .37 .02
b P -wrvr .03 .74* .03 .83** .54 - .55
-W rwr .03 .95** .03 .95** .71 .24
wrvr -W 'r Wr 1 .00** .62 1.00** .93** .89* .43
* P < .10
** P < .02
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P la n t  H e ig h t
The c u rv e s  o f  th e  p l a n t  h e ig h t  o f  th e  (H x H) and (H x L) 
l e v e l s  in  f ig u r e  6  d e p ic t  th e  s t r i k i n g  change in  th e  i n c l i n a t i o n s  
o f th e  l i n e s  w hich  o c c u rre d  from  th e  F2  and F 3  g e n e r a t io n s .
T h is  p la t e a u  e f f e c t  i s  n o t  n o t ic e a b le  in  th e  (L x L) g roup  o f  
h y b r id s .
The v a r i a t i o n  among g e n e ra t io n s  n o t  e x p la in a b le  by l i n e a r  
r e g r e s s io n  was s i g n i f i c a n t  w h e th e r th e  th r e e  l e v e l s  w ere t e s t e d  
j o i n t l y ,  t a b l e  9 , o r  i n d iv i d u a l l y ,  t a b l e  10 . For th e  c h a r a c te r  
p l a n t  h e ig h t ,  t h i s  s o u rc e  o f  v a r i a t i o n  was c o n s id e r a b ly  m ore 
im p o r ta n t  th a n  i t  was f o r  y i e l d .  I t  am ounted to  1 6 .4  p e r  c e n t  o f  
th e  t o t a l  v a r i a t i o n  among g e n e ra t io n s  in  th e  (H x  H) l e v e l  in
1956, t a b l e  3 . A lthough  low er in  th e  o th e r  g e n e r a t io n  -  y e a r  
c a t e g o r i e s ,  th e  mean e f f e c t  was s t i l l  a p p r e c ia b le ,  b e in g  4 .7  p e r 
c e n t .
B oth  l i n e a r  r e g r e s s io n  and d e v ia t io n s  from  l i n e a r  r e g r e s s io n  
w ere s i g n i f i c a n t l y  d i f f e r e n t  among th e  th r e e  l e v e l s  o f  com bining  
a b i l i t y  and among h y b r id s  w i th in  each  o f  th e s e  th r e e  l e v e l s .
T h a t th e  l e v e l s  and th e  h y b r id s  w i th in  l e v e l s  w ere a c t u a l l y  d i f ­
f e r e n t  in  each  o f  th e  g e n e r a t io n s  o f  in b re e d in g  i s  shown by t a b l e  
11 .
The l i n e a r  r e g r e s s io n  c o e f f i c i e n t s  f o r  th e  d e p re s s io n  o f  
p l a n t  h e ig h t  due to  in b re e d in g  w ere - .2 2  and - .2 3  f o r  1956 and
1957, r e s p e c t i v e l y .  The s lo p e s  o f  th e  l i n e s  w ere v e ry  s im i la r  f o r
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Figure 6 . The e ffec t of inbreeding on the p lan t height o f crosses of four 
high- and four low-combining a b il i ty  lines  forming the groups of s ix  (H x H), 
fourteen (H x L) and six  (L x L) hybrids tested  in  1956 and 1957.














Table 9. The analysis of variance (I) for the plant height of four high- and four low-combining parent








Replications 3 349.99* 3 837.58**
Entries 141 4 ,6 6 2 .6 4 * * 145 5 ,0 5 1 .6 1 * *
Generations and levels 16 2 8 ,599 .25** 16 30 ,895 .15**
High lines vs. low lines 1 5 0 ,6 9 2 .2 7 * * 1 13 ,349 .89**
Lines vs. hybrids 1 35 ,798 .03** 1 131 ,552 .46**
Hybrid levels 2 11 ,413 .10** 2 10 ,407 .59**
Generations in hybrid levels 12 29 ,022 .63** 12 27 ,383 .73**
Generations 4 84 ,403 .59** 4 79 ,613 .17**
Linear 1 305 ,093 .99** 1 309,105 .38**
Remainder 3 10 ,840 .12** 3 3 ,1 1 5 .7 7 * *
Generations x hybrid levels 8 1 ,3 3 2 .1 5 * * 8 1 ,269 .02**
Linear x hybrid levels 2 2 ,3 0 5 .1 0 * * 2 1 ,812 .84**
Remainder x hybrid levels 6 1 ,007 .83** 6 1 ,087 .74**
Among high lines 3 12 ,800 .24** 3 909.52**
Among low lines 1 490 .00 3 12 ,550 .09**
Among hybrids in levels 23 3 ,0 2 8 .1 7 * * 23 4 ,9 2 6 .1 6 * *
Hybrids in H x H level 5 2 ,4 1 8 .5 3 * * 5 4 ,8 9 8 .1 6 * *
Hybrids in H x L level 13 3 ,5 1 5 .9 0 * * 13 5 ,8 2 1 .8 1 * *
Hybrids in L x L level 5 2 ,3 6 9 .7 1 * * 5 2 ,625 .47**
Hybrids x generations in H x H level 20 348.66** 20 620.43**
Linear x hybrids in H x H level 5 614.04** 5 300.79*
Remainder x hybrids in H x H level 15 260.20** 15 726.97**
Hybrids x generations in H x L level 52 1 ,1 1 2 .7 2 * * 52 955.60**
Linear x hybrids in H x L level 13 2 ,4 3 1 .5 9 * * 13 1 ,173 .05**
Remainder x hybrids in H x L level 39 673.10** 39 883.11**
Hybrids x generations in L x L level 20 1 ,305 .30** 20 1 ,076 .68**
Linear x hybrids in L x L level 5 3 ,2 1 7 .3 4 * * 5 1 ,561 .57**
Remainder x hybrids in L x L level 15 667.95 15 915.05**














Table 9. The analysis of variance (I) for the plant height of four high- and four low-comblnlng parent
lines and the through F^ generations o; their diallel crosses grown in 1956 and 1957.—
(continued)
S o u rce  o f  V a r ia t io n
D .F .
1956
Mean S q u a res D .F .
1957
Mean S q u a res
E n t r i e s  x  r e p l i c a t i o n s 423 1 1 0 .04** 435 102 .94**
G e n e r a t io n s  and l e v e l s  x  r e p l i c a t i o n s 48 1 5 8 .68** 48 1 9 7 .21**
H igh  l i n e s  v s .  low l i n e s  x r e p l i c a t i o n s 3 2 4 .9 1 3 119 .6 5 *
L in e s  v s .  h y b r id s  x  r e p l i c a t i o n s 3 2 7 5 .4 4 * * 3 4 6 3 .0 0 * *
H y b rid  l e v e l s  x  r e p l i c a t i o n s 6 1 2 4 .5 6 * 6 8 7 .6 6
G e n e r a t io n s  i n  h y b r id  l e v e l s  x  r e p l i c a t i o n s 36 1 6 5 .7 8 * * 36 1 9 9 .87**
G e n e r a t io n s  x r e p l i c a t i o n s 1 2 2 6 4 .5 9 * * 1 2 4 7 5 .5 0 * *
L in e a r  x  r e p l i c a t i o n s 3 3 9 3 .90** 3 6 4 7 .1 9 * *
R em ainder x  r e p l i c a t i o n s 9 2 2 1 .4 9 * * 9 4 1 8 .2 6 * *
G e n e r a t io n s  x h y b r id  l e v e l s  x  r e p l i c a t i o n s 24 1 1 6 .38** 24 6 2 .0 5
L in e a r  x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 6 2 8 .2 5 6 7 7 .5 2
R em ainder x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 18 14 5 .7 5 * * 18 5 6 .9 0
Among h ig h  l i n e s  x  r e p l i c a t i o n s 9 7 9 .7 1 9 3 9 .2 8
Among low  l i n e s  x  r e p l i c a t i o n s 3 5 0 .9 5 9 8 6 .2 7 *
Among h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 7 0 .9 5 * 69 8 4 .5 0 * *
H y b rid s  in  H x H l e v e l  x  r e p l i c a t i o n s 15 6 3 .2 3 15 9 4 .0 8 * *
H y b rid s  in  H x  L l e v e l  x  r e p l i c a t i o n s 39 6 9 .7 5 * 39 7 8 .5 3 * *
H y b rid s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 8 1 .8 1 * 15 9 0 .4 3 * *
H y b rid s  x  g e n e r a t i o n s  in  H x H l e v e l  x  r e p l i c a t i o n s 60 8 6 .4 9 * * 60 106 .61**
L in e a r  x  h y b r id s  in  H x  H l e v e l  x  r e p l i c a t i o n s 15 6 7 .2 0 15 7 5 .8 2 *
R em ainder x  h y b r id s  in  H x H l e v e l  x  r e p l i c a t i o n s 45 9 2 .9 2 * * 45 116 .89**
H y b rid s  x  g e n e r a t i o n s  in  H x L l e v e l  x  r e p l i c a t i o n s 156 7 3 .8 4 * * 156 8 8 .4 5 * *
L in e a r  x  h y b r id s  in  H x L l e v e l  x  r e p l i c a t i o n s 39 4 9 .9 7 39 5 9 .0 0
R em ainder x  h y b r id s  i n  H x L l e v e l  x  r e p l i c a t i o n s 117 8 1 .8 0 * * 117 9 8 .2 7 * *
H y b rid s  x  g e n e r a t i o n s  in  L x L l e v e l  x  r e p l i c a t i o n s 60 2 8 5 .2 7 * * 60 108 .20**
L in e a r  x  h y b r id s  in  L x L l e v e l  x  r e p l i c a t i o n s 15 7 4 .9 8 15 1 1 8 .11**
R em ainder x  h y b r id s  i n  L x L l e v e l  x  r e p l i c a t i o n s 45 3 1 9 .3 7 * * 45 104 .90**
D u p l ic a te  e n t r i e s  x  r e p l i c a t i o n s 18 6 9 .5 0 24 6 9 .3 5 *














T a b le  10 . The a n a ly s i s  o f  v a r i a n c e  ( I I )  f o r  th e  p l a n t  h e ig h t  o f  fo u r  h ig h -  and f o u r  lo w -com bin ing  p a r e n t
l i n e s  and th e  th ro u g h  F5  g e n e r a t io n s o f  t h e i r d i a l l e l  c r o s s e s  grown i n  1956 and 1957.
S o u rce  o f  V a r ia t io n 1956 1957
D .F . Mean S q u a res D .F . Mean S q u a res
G e n e r a t io n s  in  h y b r id  l e v e l s 1 2 2 9 ,0 2 2 .6 3 * * 1 2 2 7 ,3 8 3 .7 3 * *
G e n e r a t io n s  in  H x H h y b r id  l e v e l 4 2 0 ,8 5 6 .3 4 * * 4 1 7 ,8 7 3 .8 9 * *
L in e a r 1 6 9 ,8 1 5 .8 8 * * 1 6 6 ,9 4 1 .1 9 * *
R em ainder 3 4 ,5 3 6 .5 0 * * 3 1 ,5 1 8 .1 2 * *
G e n e r a t io n s  i n  H x  L h y b r id  l e v e l 4 3 9 ,6 7 8 .8 0 * * 4 3 8 ,5 6 1 .7 2 * *
L in e a r 1 1 3 5 ,8 9 8 .5 2 * * 1 1 4 3 ,8 1 8 .1 0 * *
R em ainder 3 7 ,6 0 5 .5 6 * * 3 3 ,4 7 6 .2 6 * *
G e n e r a t io n s  i n  L x  L h y b r id  l e v e l 4 2 6 ,5 3 2 .7 4 * * 4 2 5 ,7 1 5 .5 9 * *
L in e a r 1 1 0 3 ,9 8 9 .8 0 * * 1 1 0 1 ,9 7 1 .7 6 * *
R em ainder 3 7 1 3 .7 2 * 3 2 9 6 .8 7 *
G e n e r a t io n s  i n  h y b r id  l e v e l s  x  r e p l i c a t i o n s 36 165 .78** 36 1 9 9 .8 7 * *
G e n e r a t io n s  in  H x  H h y b r id  l e v e l  x  r e p l i c a t i o n s 1 2 10 9 .79** 1 2 2 6 4 .6 6 * *
L in e a r  x  r e p l i c a t i o n s 3 80 .1 5 3 2 6 6 .2 9 * *
R em ainder x  r e p l i c a t i o n s 9 119 .67** 9 2 6 4 .1 2 * *
G e n e r a t io n s  in  H x L h y b r id  l e v e l  x  r e p l i c a t i o n s 1 2 2 4 6 .61** 1 2 2 6 5 .1 0 * *
L in e a r  x  r e p l i c a t i o n s 3 3 1 3 .3 9 * * 3 4 7 9 .2 9 * *
R em ainder x  r e p l i c a t i o n s 9 2 2 4 .3 5 * * 9 19 3 .7 0 * *
G e n e r a t io n s  i n  L x L h y b r id  l e v e l  x  r e p l i c a t i o n s 1 2 14 0 .95** 1 2 6 9 .8 4
L in e a r  x  r e p l i c a t i o n s 3 5 6 .8 6 3 5 5 .9 8
R em ainder x  r e p l i c a t i o n s 9 16 8 .98** 9 74 .4 6

















T a b le  11. The a n a ly s i s  o f  v a r i a n c e  ( I I I )  f o r  th e  p l a n t  h e ig h t  o f  th e  F i  th ro u g h  F5  g e n e r a t i o n s  o f  th e  
d i a l l e l  c r o s s e s  o f  f o u r  h ig h -  and  f o u r  lo w -com bin ing  p a r e n t  l i n e s .
S o u rce  o f  V a r ia t io n 1956 1957
D .F . Mean S q u a res D .F . Mean S quares
5199
3 4 8 5 .9 1
5199
3 1 ,0 4 8 .7 6
4 8 4 ,4 0 3 .5 9 * * 4 7 9 ,6 1 3 .1 7 * *
i  l e v e l s 125 1 ,5 5 2 .5 8 * * 125 1 ,8 2 3 .2 2 * *
25 1 ,3 7 1 .4 4 * * 25 8 8 3 .4 2 * *
2 1 ,4 7 4 .2 0 * * 2 7 9 7 .1 4 *
23 1 ,3 6 2 .5 1 * * 23 8 9 0 .9 3 * *
l e v e l 5 1 ,1 7 6 .7 8 * * 5 7 7 6 .7 1 * *
l e v e l 13 1 ,6 3 1 .5 6 * * 13 8 8 9 .0 6 * *
l e v e l 5 8 4 8 .7 1 * * 5 1 ,0 0 9 .9 9 * *
25 1 ,5 9 5 .7 9 * * 25 2 ,0 7 4 .4 4 * *
2 2 ,3 1 0 .3 6 * * 2 3 ,4 3 8 .4 6 * *
23 1 ,5 3 3 .6 5 * * 23 1 ,9 5 5 .8 3 * *
l e v e l 5 9 5 7 .8 6 * * 5 2 ,0 3 1 .6 1 * *
l e v e l 13 1 ,7 9 5 .4 0 * * 13 2 ,147.60*-*
l e v e l 5 1 ,4 2 8 .9 0 * * 5 1 ,3 8 1 .4 6 * *
25 1 ,3 4 0 .3 9 * * 25 1 ,8 9 6 .1 2 * *
2 4 ,6 6 5 .3 1 * * 2 3 ,4 2 5 .9 0 * *
23 1 ,0 5 1 .2 7 * * 23 1 ,7 6 3 .0 9 * *
l e v e l 5 4 7 5 .6 0 * * 5 1 ,1 3 0 .5 1 * *
l e v e l 13 1 ,2 8 1 .5 1 * * 13 2 ,4 5 7 .0 6 * *
l e v e l 5 1 ,0 2 8 .3 2 * * 5 5 9 1 .3 5 * *
25 1 ,5 2 7 .9 3 * * 25 1 ,9 9 7 .1 3 * *
2 6 ,4 7 1 .9 2 * * 2 5 ,6 3 8 .8 2 * *
23 1 ,0 9 8 .0 1 * * 23 1 ,6 8 0 .4 6 * *
l e v e l 5 5 9 3 .5 8 * 5 2 ,4 6 3 .5 6 * *
l e v e l 13 1 ,1 8 8 .1 4 * * 13 1 ,7 2 0 .5 0 * *
l e v e l 5 1 ,3 6 8 .1 2 * * 5 793 .2 6 * *
T o ta l
R e p l i c a t i o n s  
G e n e r a t io n s  
H y b rid s  in  g e n e r a t i o n s  and
F i  h y b r id s  and l e v e l s  
F i  l e v e l s
F^ h y b r id s  in  l e v e l s  
F^ h y b r id s  in  H x H 
F i  h y b r id s  in  H x L 
F i  h y b r id s  in  L x L 
F 2  h y b r id s  and l e v e l s  
F 2  l e v e l s
F2  h y b r id s  in  l e v e l s  
F 2  h y b r id s  in  H x  H 
F 2  h y b r id s  in  H x L 
F 2  h y b r id s  in  L x L 
F 3  h y b r id s  and l e v e l s  
F 3  l e v e l s
F 3  h y b r id s  in  l e v e l s  
F 3  h y b r id s  in  H x  H 
F3  h y b r id s  in  H x  L 
F3  h y b r id s  in  L x L 
F4  h y b r id s  and l e v e l s  
F4  l e v e l s
F4  h y b r id s  in  l e v e l s  
F4  h y b r id s  i n  H x  H 
F4  h y b r id s  in  H x L 














Table 11. The analysis of variance (III) for the plant height of the through F5 generations of the
diallel crosses of four high- and four low-combining parent lines.--(continued)
S o u rce  o f  V a r ia t io n
D .F .
1956
Mean S q u a res D .F .
1957
Mean S quares
F5  h y b r id s  and l e v e l s 25 1 ,9 2 7 .3 3 * * 25 2 ,2 6 4 .9 8 * *
F5  l e v e l s 2 1 ,8 1 9 .9 4 * * 2 2 ,1 8 3 .3 4 * *
F5  h y b r id s  in  l e v e l s 23 1 ,9 3 6 .6 7 * * 23 2 ,2 7 2 .0 8 * *
F5  h y b r id s  i n  H x H l e v e l 5 6 0 9 .3 7 * * 5 9 7 7 .5 0 * *
F5  h y b r id s  i n  H x L l e v e l 13 2 ,0 7 0 .1 7 * * 13 2 ,4 2 9 .9 8 * *
F5  h y b r id s  in  L x L l e v e l 5 2 ,9 1 6 .8 7 * * 5 3 ,1 5 6 .1 4 * *
G e n e r a t io n s  x r e p l i c a t i o n s 1 2 2 6 4 .5 9 * * 1 2 4 7 5 .5 0 * *
H y b r id s  in  g e n e r a t i o n s  and l e v e l s  x r e p l i c a t i o n s 375 8 1 .6 6 * * 375 9 2 .0 9 * *
F]_ h y b r id s  and l e v e l s  x  r e p l i c a t i o n s 75 4 4 .5 3 75 6 0 .3 8 *
F i  l e v e l s  x  r e p l i c a t i o n s 6 4 3 .4 3 6 8 8 . 8 8
F], h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 4 4 .6 3 69 5 7 .9 0
F i  h y b r id s  in  H x  H l e v e l  x r e p l i c a t i o n s 15 2 5 .9 5 15 8 9 .9 9 *
F]_ h y b r id s  i n  H x  L l e v e l  x  r e p l i c a t i o n s 39 4 5 .2 0 39 4 8 .7 1
F^ h y b r id s  in  L x L l e v e l  x r e p l i c a t i o n s 15 6 1 .8 2 15 4 9 .7 2
F2  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s 75 103 .5 1 * * 75 124 .4 5 * *
F 2  l e v e l s  x r e p l i c a t i o n s 6 7 6 .2 6 6 2 8 .2 6
F 2  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 1 0 5 .8 8 * * 69 132 .8 1 * *
F 2  h y b r id s  in  H x H l e v e l  x r e p l i c a t i o n s 15 1 0 7 .1 9 * * 15 123 .5 6 * *
F 2  h y b r id s  in  H x  L l e v e l  x  r e p l i c a t i o n s 39 9 4 .0 4 * * 39 123 .4 6 * *
F 2  h y b r id s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 1 3 5 .3 8 * * 15 166 .37**
F 3  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s 75 8 4 .3 5 * * 75 1 0 0 . 0 2 **
F 3  l e v e l s  x  r e p l i c a t i o n s 6 2 1 3 .5 6 * * 6 1 1 5 .4 1 *
F 3  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 7 3 .1 1 * 69 9 8 .6 8 * *
F 3  h y b r id s  in  H x  H l e v e l  x  r e p l i c a t i o n s 15 5 1 .3 5 15 113 .76**
F3  h y b r id s  i n  H x L l e v e l  x r e p l i c a t i o n s 39 7 1 .9 3 39 9 8 .5 5 * *















Table 11. The analysis o£ variance (111) for the plant height of the F^ through F«j generations of the
diallel crosses of four high- and four low-combining parent lines.--(continued)
S o u rce  o f  V a r i a t i o n   1956___________  1957___________
 ___________________________________________________________ D .F .______Mean S q u a res_______D .F ._______ Mean S q u a res
F4  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s  
F4  l e v e l s  x r e p l i c a t i o n s  
F4  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s
F4  h y b r id s  i n  H x  H l e v e l  x  r e p l i c a t i o n s
F4  h y b r id s  in  H x L l e v e l  x  r e p l i c a t i o n s
F4  h y b r id s  i n  L x L l e v e l  x  r e p l i c a t i o n s
F5  h y b r id s  and  l e v e l s  x  r e p l i c a t i o n s  
F5  l e v e l s  x  r e p l i c a t i o n s  
F5  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s
F5  h y b r id s  in  H x  H l e v e l  x r e p l i c a t i o n s
F5  h y b r id s  i n  H x  L l e v e l  x  r e p l i c a t i o n s
F5  h y b r id s  i n  L x L l e v e l  x r e p l i c a t i o n s
W ith in  p l o t s
75 9 6 .5 7 * * 75 9 3 .0 1 * *
6 2 0 1 .1 6 * * 6 5 6 .6 2
69 8 7 .4 7 * * 69 9 6 .1 8 * *
15 159 .26** 15 121 .97**
39 6 7 .0 2 39 111 .55**
15 6 8 . 8 6 15 30 .4 0
75 7 9 .3 4 * 75 8 2 .5 8 * *
6 5 5 .6 6 6 4 6 .6 8
69 8 1 .4 0 * * 69 8 5 .7 1 * *
15 6 5 .4 3 15 7 1 .2 3
39 8 6 .9 4 * * 39 50 .0 7
15 8 2 .9 5 15 192 .83**




th e  two y e a rs  when c a lc u la te d  f o r  each  o f  th e  l e v e l s .  The v a lu e s  
o b ta in e d  w ere - .2 2  f o r  th e  (H x H) l e v e l  and - .2 7  f o r  th e  (L x L) 
l e v e l  in  each  t e s t .  The (H x L) l e v e l  had a s lo p e  o f  - .2 0  in  1956 
and - .2 1  in  1957.
C o n s id e ra b le  v a r i a t i o n  i s  p r e s e n t  in  th e  m ag n itu d es  o f th e  
p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  o f  t a b l e  12 . T h e ir  t r e n d  in  r e l a ­
t i o n  to  th e  means o f  th e  c o n s ta n t  p a r e n ts  i s  n o t  c o n s i s t e n t l y  w e ll  
d e f in e d  o v e r g e n e r a t io n s  w here th e  b£ v a lu e s  ran g e d  from  - .0 1 4  f o r  
th e  g e n e ra t io n  in  1957 to  .025  in  th e  F3  g e n e r a t io n  o f  th e  same 
y e a r .  Only in  th e  1957 F]_» in  th e  1956 F3  and in  th e  F5  g e n e ra t io n s  
f o r  b o th  y e a rs  d id  th e  Pc v a lu e  f a l l  below  th e  mean h e ig h t  o f th e  
t a l l e s t  l i n e  t e s t e d .
The r e s u l t s  o f  th e  d i a l l e l  a n a ly s i s  a r e  p r e s e n te d  f o r  th e  F^ 
g e n e ra t io n  in  f ig u r e s  7 - 1 0  i n c l u s i v e .  P o in ts  r e p r e s e n t in g  th e  
l i n e s  o f h ig h  g e n e ra l  com bining a b i l i t y  may be seen  to  r e f l e c t  a  
g r e a t e r  d e g re e  o f dom inance f o r  p l a n t  h e ig h t  th a n  th e  l i n e s  o f  low 
com bining a b i l i t y  in  th e  g rap h s  o f  th e  1956 d a t a .  However, in  1957 
w here th e  low l i n e  14 was p r e s e n t ,  f ig u r e  9 , t h i s  l i n e  was found  to  
be th e  one w ith  th e  g r e a t e s t  d e g re e  o f dom inance. The two l i n e s ,
14 and 17, a r e  b o th  r e p r e s e n te d  by p o in ts  s i t u a t e d  in  th e  t h i r d  
q u a d ra n t o f  f i g u r e  10 and l i n e  17 i s  a ls o  in  th e  t h i r d  q u a d ra n t 
o f  f ig u r e  8 . T h is  i s  c o n s id e re d  as  c o n s t i t u t i n g  e v id e n c e  f o r  
overdom inance in  th e  h y b r id s  in v o lv in g  th e s e  two p a r e n ts  a c c o rd in g  
to  th e  p ro p o n e n ts  o f  t h i s  m ethod o f  a n a l y s i s .  In  su b seq u e n t 
g e n e ra t io n s  o f  in b re e d in g , overdom inance was a p p a re n t  o n ly  f o r  l i n e  
17 in  th e  1957 F£ d a ta .














T a b le  12. A summary o f  t h e  c o n s ta n t  p a r e n t  -  p ro g en y  r e g r e s s i o n  c o e f f i c i e n t s  ( b p ) ,  th e  seco n d  o r d e r  
r e g r e s s i o n  c o e f f i c i e n t s  ( b g ) ,  t h e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
( r p .b p )  and th e  c r i t i c a l  p a r e n t  v a lu e s  ( p c ) f o r  t h e  p l a n t  h e ig h t  o f  th e  in b re d  l i n e  p a r e n t s  
and t h e  d i a l l e l  h y b r id  p ro g e n ie s  form ed from  them .
1956
17 6
R e c u r re n t  
27 19
P a r e n t
1 22
b2
rp • bp Pc
Mean P l a n t  
H e ig h t 
( I n . ) 1 1 2 .0 1 0 3 .9  8 9 .3 3b.Q 7 7 .4 7 4 .0
F 1 .0 6 .4 1 .2 1 .3 1 .1 7 .17 .0 0 1 .0 1 - 1 2 9 .8
F2 - .0 3 .3 7 .23 .32 .2 4 • 50 - .0 0 8 - .6 6 1 2 4 .0
b p F3 .3 1 .25 .2k .1 4 .0 7 - .0 5 .0 0 8 .9 1 7 0 .2
f 4 .2 6 .3 4 .1 0 .3 2 .1 8 - .0 1 .0 0 6 .6 2 5 7 .2
















T a b le  12. A summary o f  th e  c o n s ta n t  p a r e n t  - p ro g en y  r e g r e s s i o n  c o e f f i c i e n t s  ( b p ) ,  t h e  second  order 
r e g r e s s i o n  c o e f f i c i e n t s  (b 2 ) ,  th e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
( r p .b p )  th e  c r i t i c a l  p a r e n t  v a lu e s  ( p c ) f o r  th e  p l a n t  h e ig h t  o f  th e  in b re d  l i n e  parents 
and th e  d i a l l e l  h y b r id  p ro g e n ie s  form ed from  th e m .— (c o n c lu d e d ) .
1951
lit 17 27
R e c u r re n t  
6 19
P a r e n t
22 1 20 b2
r p .b p p c
Mean P l a n t  
H e ig h t 
( I n . ) 8 6 .6 81t.2 7 9 .8 7 7 .2 7 7 .0 7 0 .6 6 8 .2 5 6 .2
F 1 .0 6 .1 1 .1 1 .2 0 .07 .07 .2 8 .IfO - .0 1 0 - .8 2 9 1 .0
f 2 .12 .12 .2 8 .37 .37 - .1 1  ■- .0 1 .2 0 .003 .19 1 8 .3
bP f 3 .73 .7b A lt .53 .3 6 .2 6 .1 0 .03 .025 .9b 5 9 .0
Flf A ? .7 ^ .2 6 • 36 .^3 .17 .3 8 .lf6
tr\00 .2 8 -  7 .0
F5 .3 5 .If 6 .2 0 .13 .12 .Iflt .62 • 70 - .O llt - .6 3 1 0 2 .1
■p-vo
i a o o "




Flgura 7. The graph of tha variances of the array* (V_) and the 
oorarlanoaa of tha arraja and tha raeurrant paranta (w£) fo r tha 
Fi plant heights of tha d ia lla l  crosses In 1956.
3?0
lfiO
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Figure 8. The graph of the covariances of the arrays and the 
recurrent parents (Wr) and of the covariances of the arrays 
and the means of the arrays (W'r) for the plant heights of 
the diallel crosses in 1956.







Figure 9. The graph ef the variances of the array* (V_) and the 
eerarlanees at the array* and the recurrent parents (w£) fa r  tha 




Figure 10. The graph of the covariances of the arrays and the 
recurrent parents (Wr) and of the covariances of the arrays and 
the means of the arrays (W ) for the F]_ plant heights of the 
diallel crosses in 1957.
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The second o rd e r  r e g r e s s io n  c o e f f i c i e n t s  f o r  th e  g ra p h ic  
m ethod w ere found to  d e v ia te  from  e x p e c ta t io n  and to  f l u c t u a t e  co n ­
s id e r a b ly  betw een g e n e r a t io n s .  These c o e f f i c i e n t s  a re  l i s t e d  in  
t a b l e  6 .
Com plem entary i n t e r a l l e l i c  i n t e r a c t i o n  was d e te c te d  in  13 o f 
th e  70 a r r a y s  as  shown in  t a b le  7 .
The fo u r  m ethods o f  exam ining  th e  dom inance r e l a t i o n s  o f  th e  
d a ta  p roduced  r e s u l t s  f o r  p la n t  h e ig h t  w hich w ere no more c o n s i s t e n t  
th a n  f o r  y ie ld  w ith  o n ly  th e  c o r r e l a t i o n s  f o r  th e  two g ra p h s  o f 
th e  d i a l l e l  a n a ly s i s  b e in g  c o n s i s t e n t ly  p o s i t i v e l y  c o r r e la t e d  over 
th e  g e n e ra t io n s  in  t a b l e  8 .
E ar H e ig h t
The mean e a r  h e ig h ts  o f th e  th r e e  g roups o f  h y b r id s  w ere co n ­
s id e r a b ly  low er in  1957 th a n  in  1956. The in b re e d in g  d e p re s s io n  
c u rv e s  o f th e  th r e e  l e v e l s  may be seen  in  f ig u r e  1 1  to  be c o n s id ­
e r a b ly  d i f f e r e n t  in  th e  two y e a rs  a l s o .  In  th e  1956 t e s t  th e  e a r  
h e ig h ts  o f  th e  h y b r id  l e v e l s  fo llo w e d  t r e n d s  w hich w ere s im i la r  
to  th o se  o f th e  y i e ld  d e p re s s io n  c u rv e s .  In  1957, how ever, th e  
e a r  h e ig h t  o f th e  (L x L) group o f  h y b r id s  exceeded  t h a t  o f  th e  
o th e r  two g ro u p s .
T a b le s  13 and 14 i n d ic a te  t h a t  l i n e a r  r e g r e s s io n  s a t i s ­
f a c t o r i l y  e x p la in e d  th e  v a r i a t i o n  betw een g e n e ra t io n s  in  b o th  y e a rs  
f o r  th e  (H x L) and (L x L) l e v e l s  b u t n o t f o r  th e  (H x H) l e v e l  
a lth o u g h  th e  s lo p e s  o f  th e  r e g r e s s io n  f u n c t io n s  f o r  th e  th r e e  l e v e l s  
w ere n o t  th e  sam e. The r e g r e s s io n  c o e f f i c i e n t s  o f  th e  (H x H)














Figure 11. The effect of inbreeding on the ear height of croasea of four higb- 
and four low-combining ability lines forming the groupa of alx (H x H), four­
teen (H x L) and six (L x L) hybrids tested in 1956 and 1957.














Table 13. The analysis of variance (I) for the ear height of four high- and four low-combining parent
lines and the F^ through F5 generations of their diallel crosses grown in 1956 and 1957.
S ource  o f  V a r ia t io n   1956___________________ 1957___________
______________________________________________________________ D .F .______Mean S q u a re s________ D .F ._______ Mean S q u a res
Total 5679 5839
Replications 3 4 4 5 .6 8 * * 3 3 2 2 .80**
Entries 141 1 ,7 0 0 .0 4 * * 145 1 ,5 6 1 .0 5 * *
Generations and levels 16 6 ,7 7 1 .2 5 * * 16 8 ,0 3 8 .6 9 * *
High lines vs. low lines 1 7 ,2 7 1 .0 0 * * 1 7 5 2 .5 6 *
Lines vs. hybrids 1 1 2 ,9 5 7 .0 5 * * 1 4 2 ,5 0 7 .8 6 * *
Hybrid levels 2 1 ,2 5 0 .9 8 * * 2 2 9 8 .4 8 *
Generations in hybrid levels 1 2 7 ,1 3 4 .1 7 * * 1 2 7 ,0 6 3 .4 7 * *
Generations 4 2 0 ,9 5 6 .8 0 * * 4 2 0 ,4 7 9 .1 5 * *
Linear 1 8 2 ,5 8 9 .2 1 * * 1 8 1 ,2 0 7 .6 0 * *
Remainder 3 4 1 2 .6 6 3 2 3 6 .3 3
Generations x hybrid levels 8 2 2 2 . 8 6 ** 8 3 5 5 .6 3 * *
Linear x hybrid levels 2 5 3 0 .3 4 * * 2 3 3 3 .3 6 *
Remainder x hybrid levels 6 120 .36 6 3 6 3 .06**
Among high lines 3 7 ,6 4 3 .3 3 * * 3 1 ,9 8 7 .5 0 * *
Among low lines 1 1 2 . 1 0 3 1 ,8 1 4 .4 3 * *
Among hybrids in levels 23 2 ,0 8 7 .4 4 * * 23 2 ,2 0 2 .7 6 * *
Hybrids in H x H levels 5 2 ,2 6 3 .2 4 * * 5 3 ,2 3 7 .0 5 * *
Hybrids in H x L level 13 2 ,5 4 5 .8 6 * * 13 2 ,3 7 3 .7 2 * *
Hybrids in L x L level 5 7 1 9 .7 2 * * 5 7 2 3 .9 7 * *
Hybrids x generations in H x H level 2 0 3 8 8 .3 2 * * 2 0 3 6 8 .0 0 * *
Linear x hybrids in H x H level 5 6 9 3 .7 2 * * 5 2 9 3 .33**
Remainder x hybrids in H x H level 15 2 8 6 .5 2 * * 15 3 9 2 .89**
Hybrids x generations in H x L level 52 7 7 6 .7 6 * * 52 3 6 8 .4 0 * *
Linear x hybrids in H x L level 13 2 ,1 1 0 .4 3 * * 13 5 4 0 .3 3 * *
Remainder x hybrids in H x L level 39 3 3 2 .2 0 * * 39 3 1 1 .08**
Hybrids x generations in L x L level 2 0 6 0 5 .4 6 * * 2 0 4 3 2 .2 4 * *
Linear x hybrids in L x L level 5 1 ,5 2 9 .0 6 * * 5 7 7 1 .24**
Remainder x hybrids in L x L level 15 2 9 7 .5 9 * * 15 3 1 9 .2 4 * *














Table 13. The analysis of variance (I) for the ear height of four high- and four low-combining parent
lines and the through F5  generations of their diallel crosses grown in 1956 and 1957.--
(continued)
S o u rce  o f  V a r ia t io n
D .F .
1956
Mean S q u a res D .F .
1957
Mean S q u a res
E n t r i e s  x  r e p l i c a t i o n s 423 4 6 .5 4 * 435 5 0 .5 9 * *
G e n e r a t io n s  and l e v e l s  x  r e p l i c a t i o n s 48 8 0 .7 8 * * 48 8 2 .6 5 * *
H igh l i n e s  v s .  low l i n e s  x  r e p l i c a t i o n s 3 3 9 .2 6 3 2 9 .1 2
L in e s  v s .  h y b r id s  x r e p l i c a t i o n s 3 235 .1 6 * * 3 235 .1 8 * *
H y b rid  l e v e l s  x  r e p l i c a t i o n s 6 5 8 .6 4 6 27 .5 3
G e n e r a t io n s  in  h y b r id  l e v e l s  x r e p l i c a t i o n s 36 7 5 .0 7 * * 36 8 3 .5 9 * *
G e n e r a t io n s  x  r e p l i c a t i o n s 1 2 142 .12** 1 2 183 .06**
L in e a r  x  r e p l i c a t i o n s 3 6 6 .0 7 3 368 .8 6 * *
R em ainder x r e p l i c a t i o n s 9 167 .47** 9 121 .13**
G e n e r a t io n s  x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 24 4 1 .5 4 24 33 .85
L in e a r  x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 6 9 .3 4 6 35 .6 1
R em ainder x  h y b r id  l e v e l s  x  r e p l i c a t i o n s 18 5 2 .2 7 18 33 .27
Among h ig h  l i n e s  x r e p l i c a t i o n s 9 3 9 .2 1 9 19 .0 6
Among low  l i n e s  x  r e p l i c a t i o n s 3 2 8 .6 8 9 9 2 .2 2 * *
Among h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 4 4 .1 9 69 3 9 .5 2 *
H y b rid s  in  H x  H l e v e l  x  r e p l i c a t i o n s 15 5 2 .4 2 15 3 5 .9 0
H y b rid s  in  H x L l e v e l  x  r e p l i c a t i o n s 39 3 8 .3 9 39 3 6 .8 8
H y b rid s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 5 1 .0 2 15 5 0 .0 3 *
H y b rid s  x  g e n e r a t i o n s  i n  H x H l e v e l  x  r e p l i c a t i o n s 60 4 5 .2 2 60 5 4 .8 6 * *
L in e a r  x  h y b r id s  in  H x H l e v e l  x  r e p l i c a t i o n s 15 7 .7 8 15 5 6 .9 1 * *
R em ainder x  h y b r id s  i n  H x H l e v e l  x  r e p l i c a t i o n s 45 5 7 .7 1 * 45 5 4 .1 8 * *
H y b rid s  x  g e n e r a t io n s  i n  H x  L l e v e l  x  r e p l i c a t i o n s 156 3 9 .8 9 156 4 4 .8 9 * *
L in e a r  x  h y b r id s  i n  H x L l e v e l  x  r e p l i c a t i o n s 39 9 9 .6 9 * * 39 3 8 .2 2 *
R em ainder x h y b r id s  i n  H x L l e v e l  x  r e p l i c a t i o n s 117 19 .9 6 117 4 7 .1 1 * *
H y b r id s  x  g e n e r a t i o n s  i n  L x L l e v e l  x  r e p l i c a t i o n s 60 4 4 .2 5 60 5 2 .6 9 * *
L in e a r  x  h y b r id s  in  L x L l e v e l  x  r e p l i c a t i o n s 15 5 8 .9 3 15 5 9 .5 7 * *
R em ainder x  h y b r id s  i n  L x L l e v e l  x  r e p l i c a t i o n s 45 3 9 .3 6 45 5 0 .4 0 * *
D u p l ic a te  e n t r i e s  x  r e p l i c a t i o n s 18 4 0 .4 9 24 3 5 .6 6














Table 14. The analysis of variance (II ) for the ear height of the F^ through F5  generations of the
diallel crosses of four high- and four low-combining parent lines.
S o u rce  o f  V a r ia t io n
D .F .
1956
Mean S q u a res D .F .
1957 
Mean S q u a res
G e n e r a t io n s  i n  h y b r id  l e v e l s 1 2 7 ,1 3 4 .1 7 * * 1 2 7 ,0 6 3 .4 7 * *
G e n e r a t io n s  i n  H x  H h y b r id l e v e l 4 6 ,8 5 5 .3 8 * * 4 6 ,7 6 3 .2 1 * *
L in e a r 1 2 6 ,0 1 6 .5 6 * * 1 2 4 ,8 6 0 .3 7 * *
R em ainder 3 4 6 8 .3 2 * 3 7 3 0 .8 3 * *
G e n e r a t io n s  i n  H x  L h y b r id l e v e l 4 9 ,0 7 7 .6 7 * * 4 9 ,5 1 4 .2 5 * *
L in e a r 1 3 6 ,0 4 7 .2 0 * * 1 3 7 ,6 2 1 .5 1 * *
R em ainder 3 8 7 .8 3 3 145 .16
G e n e r a t io n s  i n  L x  L h y b r id l e v e l 4 5 ,4 6 9 .4 6 * * 4 4 ,9 1 2 .9 6 * *
L in e a r 1 2 1 ,5 8 6 .1 4 * * 1 1 9 ,3 9 2 .4 3 * *
R em ainder 3 9 7 .2 3 3 8 6 .4 7
G e n e r a t io n s  i n  h y b r id  l e v e l s  x  r e p l i c a t i o n s 36 7 5 .0 7 * * 36 8 3 .5 9 * *
G e n e r a t io n s  in  H x  H h y b r id l e v e l  x  r e p l i c a t i o n s 1 2 6 4 .0 1 1 2 9 8 .3 7 * *
L in e a r  x  r e p l i c a t i o n s 3 4 5 .1 8 3 134 .00**
R em ainder x  r e p l i c a t i o n s 9 7 0 .2 9 9 8 6 .5 0 * *
G e n e r a t io n s  i n  H x  L h y b r id l e v e l  x  r e p l i c a t i o n s 1 2 1 1 3 .0 4 * * 1 2 102 .57**
L in e a r  x  r e p l i c a t i o n s 3 3 6 .7 4 3 2 3 8 .5 0 * *
R em ainder x  r e p l i c a t i o n s 9 138 .4 8 * * 9 5 7 .2 6 *
G e n e r a t io n s  in  L x  L h y b r id l e v e l  x  r e p l i c a t i o n s 1 2 4 8 .1 5 1 2 4 9 .8 3 *
L in e a r  x  r e p l i c a t i o n s 3 2 .8 4 3 6 7 .5 8
R em ainder x  r e p l i c a t i o n s 9 6 3 .2 5 9 4 3 .9 1
W ith in  P l o t s 5112 3 9 .1 8 5256 2 6 .0 8
LnO'
57
l e v e l  were - .1 4  in  1956 arnl - .1 3  in  1957* Those vslv .es « re  
s l i g h t l y  h ig h e r  th a n  th o s e  which were c a lc u la te d  f o r  th e  o th e r  two 
l e v e l s .  C o e f f i c ie n t s  o f  - .1 1  and - .1 2  were o b ta in e d  in  b o th  y e a rs  
f o r  th e  (H x  L) and (L  x L) l e v e l s ,  r e s p e c t i v e ly .
T able  15 c o n ta in s  th e  r e s u l t s  o f  th e  a n a ly s i s  o f  v a r ia n c e  o f  
th e  p l a n t  h e ig h ts  o f  h y b r id s  in  th e  com bining  a b i l i t y  l e v e l s  i n  th e  
f iv e  g e n e ra t io n s  o f  in b re e d in g .
The p e r  c e n t  o f  th e  v a r i a t i o n  a s s o c ia te d  w ith  g e n e ra t io n s  
w i th in  l e v e l s  w hich i s  a t t r i b u t a b l e  t o  n o n - a d d i t iv e  e f f e c t s  may be 
se e n  i n  t a b l e  3 t o  be low er f o r  t h i s  c h a r a c te r  th a n  f o r  p la n t  
h e ig h t  b u t somewhat h ig h e r  th a n  t h a t  o b ta in e d  f o r  y i e l d .
The bp v a lu e s  f o r  e a r  h e ig h t  were p re d o m in a n tly  p o s i t i v e  b u t 
th e  b2 r e g r e s s io n s  l i s t e d  i n  t a b l e  16 a re  l a r g e ly  n e g a t iv e .  The 
c r i t i c a l  p a re n t  c a lc u la t io n s  f e l l  above th e  u pper ex trem e o f  th e  
p a r e n t a l  ran g e  i n  a l l  e x c e p t th e  F^ and F^ g e n e ra t io n s  i n  th e  two 
y e a r s .
F ig u re s  12 -  15 p r e s e n t  th e  r e s u l t s  o f  th e  g ra p h ic  m ethod o f  
a n a ly s i s  o f  th e  e a r  h e ig h t  c h a r a c te r  i n  th e  Fp g e n e r a t io n .  The 
p o in t  r e p r e s e n t in g  l i n e  17 as  th e  c o n s ta n t  p a re n t  may be obse rv ed  
in  f ig u r e  13 t o  f a l l  i n t o  th e  t h i r d  o r  overdom inance q u a d ra n t .
T h is  c h a r a c t e r i s t i c  i s  a b s e n t  in  th e  F2 snd su b se q u e n t g e n e ra t io n s  
o f  1956 b u t i n  1957 th e  same l in e  e x h ib i te d  a p p a re n t  overdom inance 
i n  th e  F2 and F^ g e n e ra t io n s  bu t n o t i n  th e  Fp. The W'r ,Wr  
- 1  g rap h  f o r  1957 shows th e  low l in e  22 i n  th e  t h i r d  q u a d ra n t .
I t  d id  n o t occupy t h i s  p o s i t i o n  a t  low er l e v e l s  o f  h e te r o z y g o s i ty  
a lth o u g h  l i n e  17 i n  th e  F2 and F^ g e n e ra t io n s  and l in e  1 in  th e  F3 
and Fij. g e n e ra t io n s  d id .














Table 15. The analysis of variance(III) for the ear height of four high- and four low-combining parent
lines and the F^ through F5 generations of their diallel crosses grown in 1956 and 1957.




Hybrids in generations and 
F^ hybrids and levels 
F^ levels
F^ h y b r id s  in  l e v e l s  
F i  h y b r id s  in  H x H 
F i  h y b r id s  in  H x L 
F i  h y b r id s  in  L x L 
F 2  h y b r id s  and l e v e l s  
F 2  l e v e l s
F 2  h y b r id s  in  l e v e l s  
F 2  h y b r id s  in  H x H 
F 2  h y b r id s  i n H x L  
F 2  h y b r id s  in  L x L 
F3  h y b r id s  and l e v e l s  
F 3  l e v e l s
F 3  h y b r id s  in  l e v e l s  
F 3  h y b r id s  in  H x H 
F 3  h y b r id s  in  H x  L 
F3  h y b r id s  in  L x L 
F4  h y b r id s  and l e v e l s  
F4  l e v e l s
F4  h y b r id s  in  l e v e l s  
F4  h y b r id s  in  H x  H 
F4  h y b r id s  in  H x L 
F4  h y b r id s  i n i  x L
D.F. Mean Squares D .F . Mean Squares
5199
3 4 0 1 .7 7
5199
3 4 1 6 .7 0
4 2 0 ,9 5 6 .8 0 * * 4 2 0 ,4 7 9 .1 5 * *
l e v e l s 125 9 0 0 .5 0 * * 125 714 .1 3 * *
25 1 ,1 1 2 .5 6 * * 25 5 4 8 .5 9 * *
2 4 5 2 .9 8 * * 2 4 8 .7 7
23 1 ,1 6 9 .9 1 * * 23 5 9 2 .0 5 * *
l e v e l 5 9 1 3 .5 3 * * 5 5 8 4 .8 8 * *
l e v e l 13 1 ,4 0 7 .6 9 * * 13 5 9 6 .9 0 * *
l e v e l 5 8 0 8 .0 7 * * 5 5 8 6 .6 4 * *
25 1 ,0 6 4 .8 8 * * 25 1 ,2 4 9 .3 7 * *
2 2 2 4 .5 4 * 2 6 3 1 .5 6 * *
23 1 ,1 3 7 .9 6 * * 23 1 ,3 0 3 .0 9 * *
l e v e l 5 8 7 0 .9 6 * * 5 1 ,5 4 1 .5 4 * *
l e v e l 13 1 ,3 5 3 .8 6 * * 13 1 ,2 9 5 .6 8 * *
l e v e l 5 8 4 3 .6 0 * * 5 1 ,0 8 3 .9 0 * *
25 5 5 2 .1 1 * 25 6 4 0 .1 1 * *
2 2 7 4 .5 9 2 6 1 .5 8
23 5 7 6 .2 4 * * 23 6 9 0 .4 1 * *
l e v e l 5 5 1 6 .4 6 * * 5 1 ,0 2 5 .0 2 * *
l e v e l 13 6 2 0 .0 0 * * 13 684 .5 4 * *
l e v e l 5 5 2 2 .2 6 * * 5 371 .0 7 * *
25 7 4 0 .6 7 * * 25 5 5 7 .3 0 * *
2 6 3 3 .3 8 * * 2 1 1 .80
23 7 5 0 .0 0 * * 23 6 0 4 .7 3 * *
l e v e l 5 8 3 1 .3 5 * * 5 1 ,0 8 4 .2 8 * *
l e v e l 13 9 3 6 .9 7 * * 13 5 5 4 .4 6 * *
















Table 15. The analysis of variance (JUi) for the ear height of four high- and four low-combining parent
lines and the F^ through F5  generations of their diallel crosses grown in 1956 and 1957.--
(continued)
S o u rce  o f  V a r ia t io n   1956___________ 1957
D .F . Mean S q u a res D .F . Mean S q u a res
F5  h y b r id s  and l e v e l s 25 1 ,0 3 2 .3 0 * * 25 5 7 5 .3 1 * *
F5  l e v e l s 2 5 5 6 .9 1 * * 2 967 .2 8 * *
F5  h y b r id s  in  l e v e l s 23 1 ,0 7 3 .6 3 * * 23 5 4 1 .2 3 * *
F5  h y b r id s  in  H x H l e v e l 5 6 8 4 .2 4 * * 5 4 7 3 .3 4 * *
F5  h y b r id s  in  H x L l e v e l 13 1 ,3 3 4 .3 8 * * 13 7 1 5 .7 2 *
F5  h y b r id s  in  L x L l e v e l 5 7 8 5 .0 9 * * 5 155 .45
G e n e r a t io n s  x  r e p l i c a t i o n s 1 2 142 .1 2 * * 1 2 183 .06**
H y b rid s  i n  g e n e r a t io n s  and l e v e l s  x  r e p l i c a t i o n s 375 4 2 .6 3 375 4 3 .8 3 * *
F i  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s 75 4 2 .1 3 75 4 2 .4 0 * *
F i  l e v e l s  x  r e p l i c a t i o n s 6 2 2 .4 0 6 3 8 .0 1
F i  h y b r id s  i n  l e v e l s  x  r e p l i c a t i o n s 69 4 3 .8 4 69 4 2 .7 8 *
F^ h y b r id s  in  H x H l e v e l  x  r e p l i c a t i o n s 15 3 5 .0 0 15 5 6 .1 7 *
F^ h y b r id s  in  H x  L l e v e l  x  r e p l i c a t i o n s 39 3 4 .3 6 39 3 8 .7 8
F i  h y b r id s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 7 7 .3 5 * 15 3 9 .8 1
F 2  h y b r id s  and l e v e l s  x r e p l i c a t i o n s 75 5 5 .4 7 * 75 5 8 .9 6 * *
F2  l e v e l s  x  r e p l i c a t i o n s 6 2 8 .6 6 6 25 .85
F 2  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s 69 5 7 .8 0 * 69 6 1 .8 4 * *
F2  h y b r id s  i n  H x  H l e v e l  x  r e p l i c a t i o n s 15 5 8 .1 1 15 7 6 .5 9 * *
F 2  h y b r id s  in  H x L  l e v e l  x  r e p l i c a t i o n s 39 4 5 .5 6 39 5 4 .1 8 * *
F2  h y b r id s  in  L x  L l e v e l  x  r e p l i c a t i o n s 15 8 9 .2 8 * * 15 6 7 .0 2 * *
F 3  h y b r id s  and l e v e l s  x r e p l i c a t i o n s 75 4 2 .7 7 75 4 1 .0 2 * *
F3  l e v e l s  x  r e p l i c a t i o n s 6 9 6 .0 0 * 6 5 6 .4 0
F3  h y b r id s  i n  l e v e l s  x  r e p l i c a t i o n s 69 3 8 .1 5 69 3 9 .6 8 *
F 3  h y b r id s  in  H x  H l e v e l  x  r e p l i c a t i o n s 15 4 0 .9 6 15 5 2 .3 2 *
F3  h y b r id s  in  H x  L l e v e l  x  r e p l i c a t i o n s 39 4 4 .0 2 39 3 5 .9 0














Table 15. The analysis of variance (IH)for the ear height of four high- and four low-combining parent
lines and the through F5 generations of their diallel crosses grown in 1956 and 1957.--
(continued)
S o u rce  o f  V a r ia t io n   1956___________  1957___________
_____________________________________________________________________ D«F. Mean S q u a res_______D .F .______Mean S q u a re s
F4  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s  
F4  l e v e l s  x  r e p l i c a t i o n s  
1 ? 4  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s
F4  h y b r id s  in  H x H l e v e l  x r e p l i c a t i o n s
F4  h y b r id s  in  H x  L l e v e l  x  r e p l i c a t i o n s
F4  h y b r id s  in  L x  L l e v e l  x  r e p l i c a t i o n s
F5  h y b r id s  and l e v e l s  x  r e p l i c a t i o n s  
F5  l e v e l s  x  r e p l i c a t i o n s  
F5  h y b r id s  in  l e v e l s  x  r e p l i c a t i o n s
F5  h y b r id s  i n  H x  H l e v e l  x  r e p l i c a t i o n s
F5  h y b r id s  in  H x  L l e v e l  x  r e p l i c a t i o n s
F5  h y b r id s  in  L x L l e v e l  x  r e p l i c a t i o n s
W ith in  p l o t s
75 36 .1 5 75 4 1 .7 7 * *
6 3 3 .2 2 6 2 7 .1 6
69 36 .4 1 69 4 3 .0 5 *
15 5 2 .8 1 15 3 7 .3 4
39 3 5 .8 2 39 5 2 .1 2 * *
15 2 1 .5 3 15 2 5 .1 6
75 36 .67 75 4 1 .6 7 * *
6 4 4 .5 4 6 1 5 .5 2
69 3 5 .9 9 69 4 3 .9 5 * *
15 4 6 .4 4 15 3 2 .9 4
39 3 8 .1 9 39 35 .4 7
15 19 .7 9 15 7 6 .9 9 * *















T a b le  16 . A summary o f  th e  c o n s ta n t  p a r e n t  -  p ro g en y  r e g r e s s i o n  c o e f f i c i e n t s  ( b p ) ,  th e  seco n d  o r d e r  
r e g r e s s i o n  c o e f f i c i e n t s  (b 2 ) ,  t h e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
(r p .b t) )  and- "the c r i t i c a l  p a r e n t  v a lu e s  (p c ) f o r  t h e  e a r  h e ig h t  o f  t h e  in b re d  l i n e  p a r e n t s  
ana  t h e  d i a l l e l  h y b r id  p r o g e n ie s  form ed from  th em .
1256
17 6 27
R e c u r re n t
1
P a r e n t
22 19 b2 r P« bp Pc
Mean E a r  
H e ig h t 
( I n . ) 1*9.8 kh .2 3 7 .3 3 1 .6 3 1 .1 2 7 .1
F1 .13 .h2 .1*3 .1*8 .3 5 .52 - .0 1 2 - .7 7 6 9 .1
f 2 .15 .1*6 .31* .5 9 .1*7 .38 - .0 1 1 - .6 2 7 3 .0
bp f 3 .12 .23 .23 .1 0 .11* .0 1 .005 .53 9 .2




—j - .3 0 5 0 .6














T a b le  16 . A summary o f  t h e  c o n s ta n t  p a r e n t  -  p ro g en y  r e g r e s s i o n  c o e f f i c i e n t s  ( b p ) ,  t h e  se co n d  o r d e r  
r e g r e s s i o n  c o e f f i c i e n t s  ( b 2 ) ,  t h e  p a r e n t  -  p a r t i a l  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  
( r p .b p )  and t h e  c r i t i c a l  p a r e n t  v a lu e s  ( p c ) f o r  t h e  e a r  h e ig h t  o f  t h e  in b re d  l i n e  p a r e n t s  
and th e  d i a l l e l l i y b r i d  p r o g e n ie s  form ed from  t h e m .- - ( c o n c lu d e d ) .
1251
R e c u r re n t  P a r e n t b2 r n
17 22 27
_ _ _ _ _ _ ±k 1
-  -19-. - - 20
P  . Dp ^ C
Mean E a r  
H e ig h t 
( I n . ) 2 9 .8 . 2.7. .i> . . 2 6 .3  . 2 6 .2 21+.6 2 3 .3 1 8 .2 1 6 .6
F 1 .1+6 .2 6 .1+5 .37 • 73 .1+2 .3!+ • 75 - .0 1 5 -.1+0 5 5 .5
f 2 .5 8 .03 .6 5 .63 • 85 • 95 .5 5 1 .2 5
-d-O•1 - .  6o 3 9 .5
bP F3 .72 .17 .39 .35 .6 8 1 • O .1 2 .1+1+ .018 .3 0 1+.8
Fi+ - .0 1 .1 0 .2 0 • 50 .33 - .0 5 .1+5 .62 - .0 3 5 - .6 7 3 1 .9









Figure 12* Tha graph of the Torlonoea of the array* (V ) and the 
corarianeea of tha arrays and tha recurrent parenta (Vr J for the 





Figure 13. The graph of the covariances o f the arrays and tha 
recurrent parents (Ur ) and of the covariances of the arrays and 
the means of the arrays (W'r ) fo r the ear heights of the d ia l!e l
crosses in  1956.








Tlgura lit. Tha graph of tha aarlaneaa of tha amgra (V-) and tha 
somrlanoaa of tha arraya and tha raeurraat paranta (U_) fa r tha 7. 
aar halghta of tha d la lla l eroaaoa In 1957.
100 ■■
200150100
Figure 15• The graph of the covariances of the arrays and the 
recurrent parents (Wr) and of the covariances of the arrays and 
the means of the arrays (W'r) for the ear heights of the diallel 
crosses in 1957*
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The r e g r e s s io n  c o e f f i c i e n t s  f o r  th e  g ra p h ic  a n a ly s i s  o f e a r  
h e ig h t ,  t a b l e  6 , and th e  r e s u l t s  o f th e  com plem entary  e p i s t a s i s  
t e s t ,  t a b le  7 , were s im i la r  to  th o se  o b ta in e d  f o r  th e  o th e r  
c h a r a c te r s  on w hich d a ta  w ere c o l l e c t e d .  The ra n k  c o r r e l a t i o n s  
com puted f o r  e a r  h e ig h t  w ere l ik e w is e  s im i la r  in  m agn itude  and 
s ig n i f ic a n c e  to  th o se  c i t e d  in  t a b l e  8  f o r  y ie ld  and p l a n t  h e ig h t .
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DISCUSSION
As was th e  c a se  in  p re v io u s  s tu d i e s  by o th e r  i n v e s t i g a t o r s  
(3 7 , 4 1 , 47) th e  mean v a lu e s  o f  th e  in b re d  m a te r i a l s  u n d er co n ­
s i d e r a t i o n  w ere e x p e c te d  to  be l i n e a r  f u n c t io n s  o f  h e te ro z y g o s is  
i f  th e  a d d i t iv e  m odel w ith  dom inance and no s e l e c t i o n  a re  v a l i d .  
A lthough  r i g i d  s e l e c t i o n  f o r  h ig h  and low com bining a b i l i t y  f o r  
y i e l d  was p r a c t i c e d  in  th e  developm ent o f  th e  two s e t s  o f p a re n ts  
in c lu d e d  in  t h i s  s tu d y ,  r e a s o n a b le  c a re  was e x e rc is e d  to  a s s u re  un ­
b ia s e d  sam p ling  o f  th e  h y b r id  m a te r i a l  u n d e rg o in g  in b re e d in g  f o r  
i n c lu s io n  in  th e  y i e l d  t r i a l s .  I t  i s  r e a d i l y  a p p a re n t  from  th e  i n -  
b re e d in g  d e p re s s io n  c u rv e s  f o r  y i e l d ,  f ig u r e  1 , p l a n t  h e ig h t ,  
f ig u r e  6 , and e a r  h e ig h t ,  f ig u r e  1 1 , and th e  m agn itude  o f  th e  r e ­
m ainder mean s q u a re s  in  t a b l e s  1 , 2 , 9 , 10 , 13 and 14 t h a t  a d d i t iv e  
a c c u m u la tio n  o f l o c i  e f f e c t s  s a t i s f a c t o r i l y  e x p la in s  th e  r e s u l t s  o f 
in b re e d in g  on th e  e a r  h e ig h ts  o f  th e  (H x L) and (L x L) l e v e l s  b u t 
does n o t  e n t i r e l y  r e p r e s e n t  th e  g e n e t ic  s i t u a t i o n  in  th e  (H x H) 
l e v e l  and f o r  a l l  g ro u p s  in  th e  o th e r  two c h a r a c te r s .
N o n - l in e a r i ty  o f  r e g r e s s io n  o v e r g e n e ra t io n s  may be cau sed  
by l in k a g e ,  i . . e . , ab sen ce  o f  in d ep e n d e n t a s s o r tm e n t ,  by e p i s t a s i s  
o r  by  th e  d i f f e r e n t i a l  e f f e c t  o f  en v iro n m en t on th e  s e v e r a l  l e v e l s  
o f h e te r o z y g o s i ty .  I t  was n o t  p o s s ib le  to  d e te rm in e  th e  e f f e c t s  
o f  l in k a g e  in  t h i s  s tu d y . L inkage can  n o t ,  t h e r e f o r e ,  be d is r e g a rd e d  
a s  a  p o s s ib le  so u rc e  o f  n o n - l i n e a r i t y .  However, H o rn e r, e t  a l .  (18) 
have s t a t e d  t h a t ,  i n  th e  ab sen ce  o f  e p i s t a s i s ,  l in k a g e  e f f e c t s  c a n n o t
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be i n t e r p r e t e d  as e v id e n c e  f o r  e p i s t a s i s  in  s tu d i e s  o f  means a s  a 
f u n c t io n  o f th e  d e g re e  o f  h e te r o z y g o s is .  I t  w ould seem , t h e r e f o r e ,  
t h a t  t e s t s  d e s ig n e d  to  d e te c t  th e  p re se n c e  o f  e p i s t a s i s  may be 
v a l i d  when a p p lie d  to  th e  p r e s e n t  d a ta  even though  th e  e f f e c t s  o f  
l in k a g e  rem ain  unknown.
T ab le  7 , w hich i s  b a sed  upon th e  g ra p h ic  m ethod o f  a n a ly s i s ,  
p r e s e n ts  e v id e n c e  t h a t  th e  com plem entary  form  o f  e p i s t a s i s  
o c c u rre d  in  some o f th e  a r r a y s .  However, com plem entary  i n t e r a l l e l i c  
gene a c t io n  was d e te c te d  more f r e q u e n t ly  in  th e  c a se  o f e a r  h e ig h t  
th a n  f o r  th e  o th e r  two c h a r a c te r s  even  though i t  app roached  th e  
a d d i t iv e  m odel to  a  g r e a t e r  e x te n t  th a n  d id  e i t h e r  y i e l d  o r  p la n t  
h e ig h t .  I t  would seem t h a t  t h i s  form  o f e p i s t a s i s  c o u ld  n o t  have 
g r e a t l y  a f f e c te d  th e  m agn itude  o f  th e  d e v ia t io n s  from  l i n e a r  r e ­
g r e s s io n .  H u ll (23) c o n c u rs  w ith  t h i s .
Rasmusson (39) has  shown t h a t  th e  r e g r e s s io n  o f  perfo rm ance  
on h e te r o z y g o s i ty  sh o u ld  be concave downward i f  th e r e  i s  dom inance 
o f  f a v o r a b le  g en es  and th e  m agn itude  o f  a f f e c t  o f  each  a d d i t io n a l  
gene d e c re a s e s  as  th e  number o f  f a v o r a b le  genes p r e s e n t  i n c r e a s e s .  
The p la te a u  e f f e c t  o b se rv e d  in  th e  F2  and F4  g e n e ra t io n s  f o r  some 
o f  th e  l e v e l s  in  f ig u r e s  1 , 6  and 1 1  i s  s u g g e s t iv e  o f  such  a 
r e s p o n s e .  S e n tz , e t  a l .  (41) o b se rv e d  a s im i la r  p la t e a u  in  th e  
a r e a  from  25 to  75 p e r  c e n t  h e te r o z y g o s i ty .  W hile th e y  s u p p o rte d  
R asm usson 's  i n t e r p r e t a t i o n  i t  was su g g e s te d  t h a t  v a l i d  com parisons 
o f  m eans a r e  d i f f i c u l t  when th e  r a t e  o f  developm en t v a r i e s  w ith  
l e v e l  o f h e te r o z y g o s i ty .
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The w r i t e r  knows o f no r e a d i ly  a v a i l a b le  m ethod whereby 
m a te r i a l s  d i f f e r i n g  in  h e te r o z y g o s i ty  may be com pared in  such  a 
way t h a t  a l l  en v iro n m en ta l e f f e c t s  a re  e i t h e r  c o n s ta n t  o r  random 
r e l a t i v e  to  h e te r o z y g o s i ty  d i f f e r e n c e s .  H o rn e r, e t  a l ,  (18) 
assumed t h a t  t h i s  d i f f i c u l t y  c o u ld  be surm ounted  by a v e ra g in g  
r e s u l t s  o b ta in e d  in  d i f f e r e n t  y e a rs  and l o c a t io n s .  A lthough  th e  
p re s e n t  s tu d y  was l im i te d  to  t e s t i n g  in  o n ly  two y e a rs  th e  d a ta  
e x h ib i te d  s im i la r  t r e n d s  in  b o th  y e a r s .
The dom inance r e l a t i o n s h ip s  o f th e  m a te r i a l  s tu d ie d  a re  
somewhat o b s c u re . I t  i s ,  how ever, a p p a re n t from  th e  d a ta  p re s e n te d  
h e re  t h a t  w h a tev er p re p o te n c e  th e  h ig h  com bining a b i l i t y  l in e s  
p o sse s se d  was n o t  s u f f i c i e n t  to  b r in g  th e  mean pheno types o f  th e
(H x  L) s in g l e  c ro s s  h y b r id s  up to  th e  perfo rm ance  o f th e  (H x H)
g ro u p . The y i e l d s  o b ta in e d  a p p ear to  be in d ic a t iv e  o f p a r t i a l  
dom inance f o r  t h i s  c h a r a c te r .
H u ll (23) b e l ie v e d  t h a t  w h ile  th e  mean of th e  h ig h  x h ig h  
c o m b in a tio n s  may be b e s t ,  t:he h ig h e s t  s p e c i f i c  co m b in a tio n  i s  more 
l i k e l y  to  o c c u r in  h ig h  x low c r o s s e s .  P erhaps due to  th e  l im i te d  
number o f  co m b in a tio n s  t e s t e d  t h i s  d id  n o t happen in  th e  p r e s e n t  
s tu d y  even though  th e  m anner o f o b ta in in g  th e  l i n e s  sh o u ld  have
r e s u l t e d  in  l a r g e  num bers o f h e te ro z y g o u s  l o c i  in  th e  h ig h  x  low
h y b r id s .
I t  was e x p e c te d  t h a t  th e  s lo p e s  o f th e  l i n e a r  r e g r e s s io n  
fu n c t io n  o f  th e  (H x L) y i e ld s  would be s te e p e r  th a n  t h a t  o f  th e  
o th e r  l e v e l s  i f  overdom inance w ere o f  c o n s id e ra b le  im p o rta n c e .
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A lthough  th e  c o e f f i c i e n t s  o f  th e  1956 y ie ld  d a ta  a re  s u g g e s t iv e  o f 
such  a r e s p o n s e ,  th e  d i f f e r e n c e s  a re  n o t  r e f l e c t e d  by a s i g n i f i c a n t  
l i n e a r  x h y b r id  l e v e l s  mean s q u a re  in  t a b le  1 . A n a ly s is  o f  th e  
f u n c t io n s  f o r  th e  h e ig h t  c h a r a c te r s  r e v e a le d  t h a t  th e  r e g r e s s io n  
l i n e s  o f  th e  (H x L) l e v e l  w ere l e s s  s h a rp ly  i n c l in e d  th a n  th o se  
o f e i t h e r  th e  (H x H) o r  (L x L) l e v e l s .  These r e s u l t s  a r e  i n t e r ­
p r e te d  as  m eaning th a t  overdom inance was n o t o f  m ajo r consequence  
in  th e  d e te rm in a t io n  o f th e  p h e n o ty p ic  means o f th e  h ig h  x low 
c o m b in a tio n s .
The p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  o f t a b l e s  5 ,  12 and 16 
ap p ear to  i n d i c a t e  p a r t i a l  dom inance f o r  p o s i t i v e  e x p re s s io n  o f th e  
c h a r a c te r s  c o n s id e r e d .  The mean bp v a lu e s  w ere + .25 and +.16 
f o r  y i e l d ,  + .26 and +.41 f o r  p l a n t  h e ig h t  and + .2 2  and + .4 7  f o r  
e a r  h e ig h t  i n  1956 and 1957 r e s p e c t i v e ly  f o r  e ach  m easu rem en t.
T hese v a lu e s ,  as  d e m o n s tra te d  by  G r i f f in g  (11) w ould be  + .50 w ith  
no dom inance. W ith p o s i t i v e  dom inance th e  bp i s  e x p e c te d  to  
d e c re a s e  in  m agn itude  and w ith  n e g a t iv e  dom inance i t  i s  e x p e c te d  
to  in c r e a s e  in  m a g n itu d e . T h e re fo re ,  i t  seems r e a s o n a b le  to  con ­
c lu d e  t h a t  p a r t i a l  dom inance f o r  a p o s i t i v e  e x p re s s io n  o f a l l  
th r e e  c h a r a c te r s  o c c u rre d  in  th e  h y b r id s  t e s t e d  w ith  th e  d eg ree  
o f dom inance b e in g  somewhat h ig h e r  f o r  y ie ld  th a n  f o r  p la n t  o r  e a r  
h e i g h t .
The p re s e n c e  o f overdom inance can  be d e te c te d  by bp v a lu e s  
e x ceed in g  one o r  l e s s  th a n  z e r o .  None o f  th e  v a lu e s  o b ta in e d  
w ere l a r g e r  th a n  u n i ty  b u t  11 p e r  c e n t  w ere n e g a t iv e .  T h is  
ev id e n c e  f o r  p o s i t i v e  overdom inance was a ls o  s u p p o rte d  by th e
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in v e r s e  t r e n d  o f th e  bp c o e f f i c i e n t s  w ith  means o f  th e  r e c u r r e n t  
p a r e n t s .
T h i r te e n  o f  th e  t h i r t y  b£ c o e f f i c i e n t s  w ere n e g a t iv e  in  s ig n  
a lth o u g h  th e  m ag n itu d e  o f  th e  l a r g e s t  was o n ly  - .0 3 5 .  T h is  
e v id e n c e  f o r  overdom inance was su p p lem en ted  by th e  f a i l u r e  o f  f i f t y  
p e r  c e n t  o f th e  t h i r t y  c r i t i c a l  p a r e n t  e s t im a te s  to  exceed  th e  
u p p e r l i m i t s  o f  th e  ra n g e s  o f  th e  p a r e n t a l  p h e n o ty p e s . These 
r e s u l t s  a re  n o t  i n c o n s i s t e n t  w ith  th o se  o b ta in e d  by H u ll (2 3 ) .
The g ra p h ic  d i a l l e l  a n a ly s i s  a l s o  p ro v id e d  l im i te d  e v id e n c e  
f o r  th e  p re s e n c e  o f  overdom inance . F ig u re  5 c l e a r l y  d e m o n s tra te s  
t h i s  ty p e  o f  gene a c t io n  in  th e  y i e l d  o f  th e  F^ a r r a y  o f c o n s ta n t  
p a re n t  2 7 . The f a c t  t h a t  th e  bp v a lu e  f o r  t h i s  l i n e  in  1957 was 
4 .2 8  i s  somewhat d i s t u r b in g .  B e t t e r  a g re e m e n t'b e tw ee n  th e  two 
m ethods o f a n a ly s i s  was o b ta in e d  i n  th e  F^ y i e ld  d a ta  in v o lv in g  
th e  p rogeny  o f  l i n e  6  w hich a l s o  f e l l  i n to  th e  t h i r d  q u a d ra n t on 
th e  W'r ,Wr  g rap h  and w hich g e n e ra te d  a  p a r t i a l  r e g r e s s io n  v a lu e  
of. .0 0 .  T hose p o in ts  on th e  p l a n t  and e a r  h e ig h t  g ra p h s  w hich 
in d ic a te d  overdom inance w ere r e p r e s e n te d  by bp v a lu e s  w hich ap p roach  
co m p le te  dom inance b u t  in  no c a s e  a r e  th e s e  c o e f f i c i e n t s  n e g a t iv e .
F a i lu r e  o f  ag reem en t o f th e  s e v e r a l  m ethods o f  exam ining  th e  
d a ta  i s  r e f l e c t e d  by  th e  n o ta b le  s p a r s i t y  o f  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n s  in  t a b l e  8 . R e g a rd le s s  o f  th e  ty p e s  o f  gene a c t io n  
p r e s e n t  in  th e  p r o g e n ie s ,  th e  m ethods w ould be e x p e c te d  to  p ro v id e  
s im i la r  e v id e n c e  i f  th e  a ssu m p tio n s  u n d e r ly in g  th e  f o rm u la t io n  o f 
th e  co m p ariso n s a r e  v a l i d .  No e x p la n a t io n  f o r  t h i s  n o n -c o n fo rm ity  
can  b e  p ro p o se d .
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D e s p i te  th e  l im i te d  i n d ic a t io n s  o f th e  p re s e n c e  o f o v e r ­
dom inance , e p i s t a s i s  and a  d im in is h in g  r e t u r n s  e f f e c t ,  i t  seems 
c e r t a i n  t h a t  th e  p red o m in an t f a c t o r s  w hich in f lu e n c e d  th e  y i e ld  
and h e ig h t  o f  th e  h y b r id s  s tu d ie d  w ere f u n c t io n in g  in  an a d d i t iv e  
m anner w ith  l e s s  th a n  co m p le te  dom inance. The mean p e r  c e n t  o f 
n o n - l in e a r  v a r i a t i o n ,  t a b l e  3 , i s  a  maximum e s t im a te  s in c e  any 
e x tra n e o u s  n o n - a d d i t iv e  e f f e c t s  due to  la c k  o f  hom ogeneity  o f  
e n v iro n m en ts  o r  c o r r e l a t i o n s  o f  means and v a r ia n c e s  a r e  in c lu d e d  
in  th e  p e rc e n ta g e  f i g u r e s  f o r  th e  th r e e  l e v e l s  o f com bining  a b i l i t y .
On th e  b a s i s  o f  th e  r e s u l t s  p r e s e n te d ,  i t  i s  c o n c lu d e d  t h a t  
th e  a d d i t iv e  m odel o f  gene a c t io n  w ith  p a r t i a l  dom inance p r e v a i le d  
in  th e  p o p u la t io n  s tu d ie d  and t h a t  b re e d in g  schem es p r e d ic a te d  
upon t h i s  m odel may be u t i l i z e d  to  g r e a t e r  a d v a n ta g e  th a n  th o s e  
w hich  em phasize  s e l e c t i o n  f o r  s p e c i f i c  e f f e c t s  a t  e a r l y  s ta g e s  o f 
th e  b re e d in g  p rogram .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
72
SUMMARY
An 8  x  8  d i a l l e l  d ev e lo p ed  by fo u r  s e le c te d  l i n e s  o f h ig h  
com bining a b i l i t y  and fo u r  s e le c te d  l i n e s  o f  low com bining a b i l i t y  
was t e s t e d  in  th e  F-^  th ro u g h  F^ in b re d  g e n e ra tio n s  in  1956 and 1957. 
The r e s u l t i n g  d a ta  were a n a ly z e d  by th e  fo llo w in g  th r e e  m ethods:
( 1 ) an e x a m in a tio n  o f th e  r e g r e s s io n  o f  th e  means on l e v e l s  o f 
h e te r o z y g o s i ty ,  ( 2 ) c o n s ta n t  p a re n t  p rogeny  r e g r e s s io n s  and ( 3 ) 
th e  g ra p h ic  m ethod o f d i a l l e l  a n a ly s i s .  A lthough l im i te d  e v id e n c e  
f o r  n o n - a d d i t iv e  e f f e c t s  was o b ta in e d , th e  r e l a t i v e  im p o rtan ce  o f 
th e s e  so u rc e s  o f  v a r i a t i o n  was q u i t e  sm a ll when compared to  th e  
v a r i a t i o n  e x p la in a b le  in  term s o f th e  a d d i t iv e  m odel o f gene 
a c t io n .
The th r e e  m ethods o f  a n a ly s i s  d id  n o t  p ro v id e  c o n s i s t e n t  
e v id e n c e  f o r  th e  dom inance r e l a t i o n s  in  th e  m a te r i a l  s tu d ie d .  
A lthough  th e  d a ta  p re p o n d e ra n tly  f a v o r  p a r t i a l  dom inance some 
in d ic a t io n s  o f  overdom inance were o b ta in e d .
I t  was conc lu d ed  t h a t  th o se  b re e d in g  schemes w hich a re  b a sed  
upon th e  assum ption  o f a d d i t iv e  gene a c t io n  w ith  p a r t i a l  dom inance 
w ould be more a p t  to  g iv e  f a v o ra b le  r e s u l t s  th a n  th o s e  deve lo p ed  
on th e  c o n c ep t o f s p e c i f i c  e f f e c t s  when a p p lie d  to  th e  p o p u la t io n  
s tu d i e d .
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Table A. The mean acre grain yield (bushels) of the F^ through F5
generations of the diallel crosses among four high- and
four low-combining parent lines. 1956 data
P e d ig re e
* 1
G e n e ra tio n
f 2  f 3 f 4 F5
High x h ig h  c ro s s e s
6  x  17 1 0 0 . 2 6 6 . 0 6 7 .2 5 4 .6 5 9 .4
6  x  19 108.7 73 .5 4 4 .9 4 2 .6 4 0 .8
6  x  27 111 .9 6 9 .1 5 5 .6 4 3 .6 3 3 .8
17 x  19 119 .8 7 0 .0 6 5 .4 6 0 .7 4 8 .2
17 x 27 116.1 6 4 .4 6 5 .1 6 3 .1 39 .9
19 x 27 124 .3 6 9 .9 4 2 .2 4 5 .9 3 9 .1
High and low c r o s s e s
6 x 1 8 8 .5 3 8 .4 4 2 .5 4 3 .6 2 8 .4
6  x  14 114 .4 7 1 .2 4 8 .6 4 2 .6 3 9 .2
6  x  2 0 109.7 7 1 .0 5 3 .1 4 9 .1 37 .2
6  x  2 2 — — - -
17 x  1 94 .0 5 4 .7 5 3 .2 4 8 .2 3 7 .4
17 x 14 115 .4 7 4 .6 5 1 .6 6 4 .0 6 8 .5
17 x 20 107 .2 6 2 .8 6 1 .5 4 6 .7 4 9 .8
17 x  22 — W M - - w  •»
19 x 1 94 .1 4 4 .7 4 3 .8 4 1 .9 4 0 .4
19 x  14 118 .3 7 9 .6 3 0 .1 2 7 .0 8 .7
19 x  20 108 .2 6 6 . 8 5 3 .3 3 9 .5 9 .3
19 x 22 115 .0 7 0 .2 5 2 .6 4 1 .0 35 .9
27 x  1 9 2 .2 4 7 .3 4 6 .5 4 4 .6 2 8 .2
2Z, x 14 119.6 6 3 .8 3 8 .8 3 7 .6 2 9 .6
27 x  20 114.1 6 5 .6 5 4 .6 4 7 .2 3 7 .3
27 x 22 113.6 7 7 .2 5 8 .8 4 2 .8 3 7 .9
Low x low c r o s s e s
1  x  14 92 .8 4 9 .8 4 4 .4 2 9 .6 2 8 .4
1  x  2 0 89 .6 6 7 .2 4 7 .6 4 3 .9 4 1 .5
1  x  2 2 90 .5 4 9 .7 5 2 .9 4 1 .6 2 1 .4
14 x 20 112 .3 66 .7 4 8 .9 3 4 .2 3 3 .0
14 x  22 1 1 0 . 6 7 1 .6 4 9 .0 3 8 .2 4 4 .4
2 0  x  2 2 108.5 7 8 .1 5 2 .7 4 7 .0 3 3 .1
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Table B. The mean plant heights (inches) of the F^ through F5
generations of the diallel crosses among four high- and
four low-combining parent lines. 1956 data.
P e d ig re e
F 1
G e n e ra tio n  
F2  f 3 f 4 f 5
High X h ig h  c ro s s e s
6 X 17 123.6 109.5 108.3 103.7 95 .8
6 X 19 113.2 9 7 .0 106.0 9 6 .4 96 .2
6 X 27 116.8 1 0 0 . 6 103 .4 95 .6 8 8 .4
17 X 19 119.3 104.6 103 .4 104 .6 8 9 .3
17 X 27 119 .4 103.7 105 .8 9 8 .6 8 7 .6
19 X 27 108.2 9 6 .8 9 8 .2 97 .1 88 .7
High X low c ro s s e s
6 X 1 110.3 9 0 .0 104.2 9 7 .4 93 .2
6 X 14 118.5 102.9 103.6 95 .1 92 .1
6 X 2 0 116.5 1 0 0 . 6 96 .1 9 2 .0 8 9 .2
6 X 2 2 — — — — —
17 X 1 117.0 1 0 2 . 0 9 9 .8 94 .7 94 .6
17 X 14 123.0 105 .9 108 .0 108.6 103.6
17 X 2 0 120.5 103 .8 9 6 .2 8 9 .4 87.7
17 X 2 2 - - — — tmm - -
19 X 1 1 0 0 . 6 81 .7 107.7 96 .1 9 4 .8
19 X 14 108.0 9 5 .6 105.5 95 .6 9 2 .3
19 X 2 0 105.0 92.5 93 .5 88 .9 9 5 .0
19 X 2 2 1 1 2 . 0 9 8 .4 93 .9 8 6 .5 75 .8
27 X 1 106.7 8 9 .0 9 8 .0 9 6 .4 94 .6
27 X 14 112 .4 9 4 .9 107 .3 98 .6 91 .9
27 X 2 0 109.7 9 9 .4 9 2 .6 9 0 .4 77 .3
27 X 2 2 116.9 99 .2 9 6 .4 91 .9 8 7 .0
Low x low c ro s s e s
1 X 14 108 .4 93 .5 1 0 2 . 6 9 9 .2 98 .5
1 X 2 0 106.8 94 .5 9 4 .2 83 .6 8 5 .0
1 X 2 2 113.8 9 4 .1 96 .1 8 6 .4 8 3 .8
14 X 2 0 114.6 1 0 0 . 8 95 .1 9 2 .0 91 .1
14 X 2 2 118.9 107.2 9 7 .3 8 8 . 0 8 6 . 8
2 0 X 2 2 115.8 104.8 8 6 .9 84 .5 7 2 .8
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Table C. The mean ear heights (inches) of the Fi through F5
generations of the diallel crosses among four high- and
four low-combining parent lines. 1956 data.
P e d ig re e
F 1
G e n e ra tio n
f 2  f 3 F4 F5
High x h ig h  c ro s s e s
6  x 17 5 5 .6 5 0 .8 4 7 .2 4 3 .2 4 1 .0
6  x  19 4 7 .3 4 0 .0 4 0 .0 32 .8 38 .5
6  x  27 5 1 .4 4 3 .9 4 1 .5 3 7 .4 3 1 .0
17 x 19 5 1 .7 4 4 .6 4 3 .6 4 5 .2 4 0 .2
17 x 27 5 6 .1 4 8 .7 4 4 .6 42 .7 3 2 .3
19 x 27 4 3 .7 3 9 .0 3 7 .0 4 0 .0 3 7 .0
H igh x low c ro s s e s
6  x 1 4 7 .0 3 8 .9 4 5 .9 4 0 .2 4 0 .8
6  x  14 5 3 .9 4 8 .6 3 8 .3 37 .4 3 3 .0
6  x  2 0 5 0 .0 4 3 .9 4 3 .3 4 0 .3 39 .6
6  x  2 2 - - — — — —
17 x 1 5 4 .1 5 2 .0 4 8 .2 4 6 .0 4 6 .4
17 x 14 6 0 .4 5 3 .7 4 3 .8 45 .5 4 4 .2
17 x 20 5 1 .4 4 6 .9 4 3 .8 4 2 .4 39 .2
17 x 22 — - - —
19 x 1 3 6 .8 3 1 .8 47 .1 4 6 .4 4 6 .3
19 x 14 4 7 .8 4 1 .1 3 6 .8 30 .8 3 4 .2
19 x 20 4 1 .0 37 .5 3 8 .0 36 .4 4 3 .3
19 x 22 4 6 .4 4 1 .3 3 8 .8 33 .4 28 .1
27 x 1 4 5 .2 4 0 .0 4 2 .2 4 4 .3 4 3 .9
27 x 14 5 2 .6 4 6 .3 3 6 .4 35 .0 3 4 .2
27 x 20 4 6 .0 4 3 .5 3 8 .9 39 .6 3 2 .2
27 x 22 5 2 .2 4 4 .5 40 .6 39 .6 36 .6
Low x low c ro s s e s
1 x 14 4 8 .8 4 4 .2 4 2 .2 39 .2 3 9 .2
1  x 2 0 4 2 .0 3 5 .0 4 3 .9 3 7 .4 4 0 .8
1  x 2 2 5 1 .3 4 3 .1 4 3 .2 39 .6 4 0 .9
14 x 20 4 6 .1 39 .7 34 .5 35 .8 3 6 .0
14 x 22 5 5 .1 4 8 .0 37 .7 34 .0 3 0 .3
2 0  x 2 2 4 7 .5 4 5 .4 3 9 .9 3 8 .0 32 .7
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Table D. The mean acre grain yields (bushels) of the through
generations of the diallel crosses among four high-
and four low-combining parent lines. 1957 data.
P e d ig re e
F 1
G e n e ra tio n  
F 2  F3 F4 F5
High X h ig h  c ro s s e s
6 X 17 91.7 6 1 .1 6 3 .0 4 8 .3 5 5 .1
6 X 19 107.2 7 3 .4 5 0 .4 5 0 .4 5 1 .6
6 X 27 107.1 6 3 .8 5 9 .2 4 8 .2 4 0 .6
17 X 19 116.7 6 1 .6 5 9 .3 6 5 .3 5 0 .0
17 X 27 116 .3 6 3 .8 6 5 .8 6 7 .8 39 .1
19 X 27 1 2 1 . 8 7 2 .2 4 0 .0 4 1 .2 2 9 .4
High X low c r o s s e s
6 X 1 82 .7 3 2 .4 4 5 .6 5 2 .7 3 1 .8
6 X 14 96 .2 6 3 .0 5 9 .1 4 5 .8 42 .7
6 X 2 0 103.1 6 1 .6 4 8 .2 4 6 .0 33 .8
6 X 2 2 — — — — —
17 X 1 8 2 .6 5 1 .6 4 0 .9 4 1 .3 35 .2
17 X 14 103 .3 7 4 .0 5 9 .2 6 5 .0 6 7 .4
17 X 2 0 98 .0 5 6 .3 4 6 .4 4 1 .0 39 .2
17 X 2 2 - - — — — - -
19 X 1 8 6 . 6 3 6 .2 5 1 .0 3 3 .0 3 1 .3
19 X 14 106 .4 70 .7 4 6 .3 3 6 .3 26 .8
19 X 2 0 106 .9 6 3 .6 4 2 .2 2 7 .9 3 .1
19 X 2 2 104.7 71 .6 5 0 .2 4 1 .4 32 .6
27 X 1 95 .6 4 1 .4 4 4 .7 3 9 .8 3 1 .4
27 X 14 116.7 6 2 .8 5 4 .9 4 1 .8 36.7
27 X 2 0 119.2 6 7 .6 5 9 .8 4 7 .3 4 8 .8
27 X 2 2 111 .3 6 9 .8 6 3 .2 4 5 .3 4 0 .0
Low x low c r o s s e s
1 X 14 8 6 .9 5 0 .4 4 5 .9 3 1 .8 2 0 .4
1 X 2 0 8 8 .9 6 5 .4 4 1 .0 3 5 .4 3 0 .0
1 X 2 2 8 3 .3 4 4 .4 4 3 .4 3 8 .6 17 .6
14 X 2 0 105 .8 6 3 .2 4 4 .9 31 .5 2 7 .4
14 X 2 2 1 0 1 . 2 6 3 .4 5 5 .2 4 6 .0 4 3 .4
2 0 X 2 2 103 .2 70 .7 4 7 .9 4 3 .1 3 4 .0
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Table E. The mean plant heights (inches) of the F-^ through F5
generations of the diallel crosses among four high- and
four low-combining parent lines. 1957 data.
P e d ig re e
F 1
G e n e ra tio n
f 2  f 3 F4 f 5
High x 
6  x
h ig h  c ro s s e s  
17 110 .5 1 0 2 . 6 9 9 .9 9 6 .8 8 7 .0
6  x 19 1 0 2 . 2 8 7 .9 92 .6 8 0 .0 8 8 . 8
6  x 27 106 .6 9 3 .3 9 4 .2 91 .7 8 2 .3
17 x 19 1 1 0 . 1 9 9 .0 88 .7 9 8 .0 8 5 .6
17 x 27 110 .3 1 0 1 . 8 9 6 .0 9 0 .6 8 0 .0
19 x 27 100 .5 8 6 . 0 8 4 .9 8 0 .2 7 5 .5
High x 
6  x
low c r o s s e s  
1 9 9 .3 7 7 .3 8 9 .3 8 5 .6 8 3 .2
6  x 14 109 .2 9 5 .4 1 0 1 . 2 9 0 .6 8 7 .2
6  x 2 0 105 .5 9 1 .0 8 6 . 0 8 3 .1 8 3 .9
6  x 2 2 ------ — ------ - - - - - -
17 x 1 104 .1 9 4 .0 84 .7 7 9 .0 8 0 .5
17 x 14 113 .2 9 9 .8 104 .4 1 0 2 . 8 1 0 0 . 0
17 x 2 0 110 .9 9 8 .8 8 1 .8 8 2 .0 8 1 .4
17 x 2 2 ------ — ------ ------
19 x 1 104 .6 7 5 .0 94 .6 8 4 .8 8 5 .6
19 x 14 9 7 .1 8 6 . 2 9 2 .4 8 4 .4 8 3 .4
19 x 2 0 9 9 .6 8 3 .2 7 6 .8 7 5 .0 8 2 .2
19 x 2 2 9 8 .8 8 8 . 2 8 2 .9 7 9 .8 6 5 .1
27 x 1 103 .1 8 3 .3 8 8 .4 8 6 .3 8 7 .6
27 x 14 10 1 .4 9 0 .2 9 7 .4 8 5 .2 8 4 .0
27 x 2 0 1 0 2 . 0 8 8 . 6 83 .7 7 9 .1 7 1 .9
27 x 2 2 104 .4 9 1 .8 8 6 . 6 8 4 .1 8 3 .3
Low x low c ro s s e s  
1  x 14 10 4 .4 8 4 .8 8 9 .8 8 4 .9 9 1 .9
1 X 2 0 9 6 .6 8 6 .9 8 5 .6 7 3 .0 70 .5
1 X 2 2 9 8 .6 8 8 . 0 8 5 .9 7 7 .4 7 5 .4
14 x 2 0 105 .6 9 3 .6 8 3 .6 8 3 .8 8 2 .2
14 x 2 2 109 .8 96 .7 87 .6 8 1 .7 8 1 .1
2 0  x 2 2 106 .8 99 .5 78 .6 7 8 .6 6 7 .4
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Table F. The mean ear heights (inches) of the through F5
generations of the diallel crosses among four high- and
four low-combining parent lines. 1957 data.
P e d ig re e
* 1
G e n e ra tio n  
F£ F3 *4 f 5
High x h ig h  c ro s s e s
6  x  17 4 5 .4 4 4 .4 3 8 .4 3 4 .8 3 0 .8
6  x  19 37 .9 30 .3 2 9 .4 24 .2 2 7 .9
6  x  27 4 2 .5 35 .6 3 2 .6 30 .6 2 3 .9
17 x 19 37 .9 33 .9 2 8 .3 37 .2 2 8 .0
17 x 27 4 0 .9 39 .9 3 3 .3 30 .7 2 2 . 1
19 x 27 3 4 .8 27 .4 23 .6 24.7 2 2 .9
High x  low c ro s s e s
6 x 1 39 .0 3 1 .4 3 5 .4 31 .2 3 2 .3
6  x  14 4 7 .2 4 0 .6 3 8 .2 3 2 .0 2 7 .2
6  x  2 0 42 .7 35 .9 3 4 .2 31 .3 3 2 .4
6  x  2 2 - - — — - - —
17 x 1 4 1 .3 39 .0 3 4 .2 30 .3 3 4 .0
17 x 14 44 .5 4 1 .3 3 7 .4 38 .5 3 6 .0
17 x 20 4 0 .0 38 .6 30 .5 31 .0 2 9 .0
17 x 22 - - — — — —
19 x 1 3 5 .8 21.5 3 5 .0 3 3 .6 30 .6
19 x 14 3 4 .6 29 .4 26 .1 26.7 2 5 .6
19 x 20 33 .1 26 .2 2 5 .0 24 .6 2 9 .4
19 x 22 3 7 .0 29 .6 29 .7 26 .7 2 0 . 2
27 x 1 3 8 .4 30 .2 31 .6 30 .3 31 .5
27 x 14 4 0 .9 35.5 26 .6 24 .0 2 4 .3
27 x 20 3 7 .4 32 .2 3 0 .2 30 .1 25 .5
27 x 22 4 1 .0 34 .0 2 9 .8 29 .9 2 8 .8
Low x low c ro s s e s
1  x  14 37 .7 34 .8 3 1 .9 2 6 .9 3 1 .2
1  x  2 0 35.5 28.1 3 5 .0 39 .8 2 8 .6
1  x  2 2 40 .7 36 .2 3 4 .6 32 .7 3 2 .2
14 x 20 3 8 .6 32 .0 26 .6 3 0 .0 2 9 .2
14 x 22 4 6 .2 4 1 .4 3 1 .6 27 .7 2 7 .2
2 0  x  2 2 4 2 .6 4 1 .2 3 1 .2 33 .1 2 7 .8
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